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Test Report issued under the responsibility of:

. B DEKRA

TEST REPORT
IEC TS 62910

Utility-interconnected photovoltaic inverters - Test procedure for low voltage
ride-through measurements

Report

Report Number...............ccc. : 6092407.51

Date of iSSUE ......ceevviiiiiieiieee e, . 2020-12-23

Total number of pages ............c......... 81

Testing Laboratory......................... :  DEKRA Testing and Certification (Suzhou) Co., Ltd.

AdAreSS ....uvvieiieeeiece e : No.99, Hongye Road, Suzhou Industrial Park, Suzhou, Jiangsu,
P.R. China

Applicant’s name............................ : Sungrow Power Supply Co., Ltd.

AdAress ... : No0.1699 Xiyou Rd., New & High Technology Industrial

Development Zone, 230088, Hefei, P. R. China

Test specification:

Standard .........ccooiiiii e : IEC TS 62910:2020

Test procedure ........ccccceeveeeiiiiinneen. : Type test

Non-standard test method................ : N/A

Test Report Form No..................... : IECTS 62910 V2.0

Test Report Form(s) Originator........: DEKRA Testing and Certification (Suzhou) Co., Ltd.
Master TRF ..., . Dated 2020-08

Test item description .................... :  Grid-connected PV inverter

Trade Mark ........cccoooveeeiiiieeeiiieeees : BB & ®B iR

Manufacturer ..........ccccovveveeeeiiccinne, : Sungrow Power Supply Co., Ltd.

No0.1699 Xiyou Rd., New & High Technology Industrial
Development Zone, 230088, Hefei, P. R. China

Model/Type reference ...................... . SG3125HV-30, SG3125HV-31, SG3125HV-32

TRF No. IEC TS 62910_V1.0
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Ratings.......cccccceeevviieiiiniieeevneeeenn . | Operating temperature range: - 35°C to + 60°C
Protective class: |

Ingress protection rating: IP65 (Optional IP55)

Power factor range (adjustable): 0.8 leading...0.8 lagging

SG3125HV-30:

PV input: Max. 1500 Vdc, MPPT voltage range: 875-1300 Vdc,
max current: 3997 A, Isc PV: 10000 A

Output: 600V, 3~, 50/60 Hz, max 3308 A, rated 3125 kW, max
3437 kVA

SG3125HV-31:

PV input: Max. 1500 Vdc, MPPT voltage range: 915-1300 Vdc,
max current: 3997 A, Isc PV: 10000 A

Output: 630V, 3~, 50/60 Hz, max 3308 A, rated 3125 kW, max
3610 kVA

SG3125HV-32:

PV input: Max. 1500 Vdc, MPPT voltage range: 960-1300 Vdc,
max current: 3997 A, Isc PV: 10000 A

Output: 660V, 3~, 50/60 Hz, max 3308 A, rated 3125 kW, max
3781 kVA

TRF No. IEC TS 62910_V2.0
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Responsible Testing Laboratory (as applicable), testing procedure and testing location(s):

X] |Testing Laboratory:

DEKRA Testing and Certification (Suzhou) Co., Ltd.

Testing location/ address........cccccooiieeeenn. :

No0.99, Hongye Road, Suzhou Industrial Park, Suzhou,
Jiangsu, P.R. China

X |Associated Testing Laboratory:

Shanghai Testing & Ispection Institute for Electrical
Equipment Co.,Ltd

Testing location/ address........ccc.cccoecvvveeeeennn. :

No0.505, Wuning Road, Putuo District,Shanghai, China

Tested by (name, function, signature)............ :

Albert Liang Al Eaﬁ/ Ug/

Approved by (name, function, signature) ....... :

Jason Guo y"’o é/ﬂ

B} | Festing-procedure- CTF Stage-1:

TRF No. IEC TS 62910_V2.0
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Warning Label:
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Test item particulars:

Equipment mobility ...........ccccoeiiiiiiiii . movable hand-held stationary
fixed transportable for building-in

Connection to the mains ............ccccoceevvcveeivnceeeeenen . pluggable equipment direct plug-in
permanent connection for building-in

Enviromental category .........cccccoceeviiviiiiivi et oUtdoor indoor indoor

unconditional conditional

Over voltage category Mains...........ccccccevvvvievvenens. OVC ovcll ove i ovC IV

Over voltage category PV .......cccccocevivvninvnecneene:. OVC ovcl ovcli ovC IvV

Mains supply tolerance (%).....cccccvvvvncvnccncncenel. £10%

Tested for power systems..........cccocceveeevivienienieneenes. TN

IT testing, phase-phase voltage (V).......ccccccevevvveeeeess. N/A

Class of equipment...........cccoccevivvieiinvinvnse e Class | Class Il Class IlI
Not classified

Mass of equipment (KQ).......cccccceeveeevieeeceecceeevie el 3200

Pollution degree..........cccccevcvevceecceeevie e seeseveeeneenns. Outside PD3; Inside PD2

IP protection class...........cccecevvniicesccineccc et IP65 (Optional IP55)

Possible test case verdicts:

- test case does not apply to the test object................. N/A

- test object does meet the requirement.......................:. P (Pass)

- test object does not meet the requirement.................:. F (Fail)

- this clause is information reference for installation ....: Info.

Testing:

Date of receipt of testitem ..o : 2020-10-25 (samples provided by applicant)

Date (s) of performance of tests ...........c.ccecvvevrennee. . 2020-10-25 to 2020-11-30

General remarks:

The test results presented in this report relate only to the object tested.

This report shall not be reproduced, except in full, without the written approval of the Issuing testing
laboratory.

The measurement result is considered in conformance with the requirement if it is within the prescribed limit, It
is not necessary to account the uncertainty associated with the measurement result.

This report is only for reference and is not used for legal proof function in China market.

The information provided by the customer in this report may affect the validity of the results, the test lab is not
responsible for it.

"(See Enclosure #)" refers to additional information appended to the report.
"(see appended table)" refers to a table appended to the report.

Throughout this report a [_] comma / [X] point is used as the decimal separator.

TRF No. IEC TS 62910_V2.0
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Name and address of factory (ies)

1. Sungrow Power Supply Co., Ltd.

No0.1699 Xiyou Rd., New & High Technology Industrial Development Zone,

Hefei 230088 P.R. China

2. Sungrow Power Supply Co., Ltd.

No. 608 Changning Avenue, New & High Technology Industrial Development Zone,
Hefei 230088 P.R. China

3. Sungrow Developers (India) Private Limited

No. 85, Kaniminike village, Kengeri hobli Bangalore South Taluk,

560074 Bangalore, India

TRF No. IEC TS 62910_V2.0
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General product information:

Brief description:

The PCE under test (EUT) is Grid-Connected PV Inverter which utilizes the advanced power electronics
conversion components such as MosFET, IGBT, IPM to convert the variable DC power generated from
the photovoltaic (PV) arrays to the stable utility AC power which can be fed into the commercial electrical
grid.

The PCE under test is three-phase Grid-Connected PV Inverter for solar power generation with the rated
output power of 3125 kW. The external circuit breakers or fuses for PV array and Grid connection are
required which the statements are provided in the installation manual.

Block Diagram:

L e
D 1 | = . l [ 2
[P J —T
. - I AC Al :
ER e EMY ot
FBuor . Fted
~ a e
DC I s .
— iy é
oo } 3 Das o [ 1 T
wwich DL 5P0 A B reasy
— 0§
- —T— [ .
I i po— - [
- r e
oC : A AL
B | — e (— M M -
Fllar M Fibe
- 4 - .
l I | == " -
——

ia% . D SPD it i e [Agsen

Fuse Sewil Y-

The models SG3125HV-31, SG3125HV-30 are identical to SG3125HV-32 except for the model name and
electrical ratings.

Unless otherwise specified, all the tests were conducted on the basic model of SG3125HV-32 to represent
the others.

The product was tested on:
Firmware version:
DSP_SG3125HV-30_V1_A
LCD_SG3125HV-30_V1_A

Unless otherwise specified, all tests were conducted on basic model of SG3125HV-32 to represent the
other models.

TRF No. IEC TS 62910_V2.0
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IEC TS 62910

Clause

Requirement - Test

Result - Remark

Verdict

Test circuit and equipment

P

General

P

The circuits and equipment described in this clause are
developed to allow tests that simulate the full range of
anticipated grid faults, including:

+ Single phase to ground fault (any phase)

» Two phase isolated fault, between any two phases

» Two phase grounded fault, involving any two phases

* Three phase short-circuit fault.

A full discussion of these faults and the resulting impact on
voltage magnitude and phase angles is included in Annex
A

| T0|TW| V| T©

The short circuit emulator and grid simulator described in
4.3.3 and 4.3.4 are informative examples and are not
intended to restrict design flexibility. Other designs may be
used to achieve equivalent test functionality.

The grid simulator used
to achieve test of 4.3.4.

4.2

Test circuit

The LVRT test circuit includes a DC source, the EUT, a
grid fault simulator and the grid. A PV simulator (or PV
array) provides input energy for the EUT. The output of the
EUT is connected to the grid via a grid fault simulator, as
shown in Figure 1.

Ze )
‘ rd M_p1. Grid fault Mf2. M:’3. =5 PV simulator
‘ i simulator or PV amay

Vi Trangformer
‘ (optional)

IEC

NOTE MP1 is the measurement point between the grid and the grid fault simulator; MP2 is the measurement point
at the high voltage side of the transformer; MP3 is the measurement point at the low voltage side of the
transformer.

Figure 1 - Testing circuit diagram

PV array simulator and
the grid simulator used
in the LVRT test circuit.

4.3

Test equipment

4.31

Measuring instruments

Waveforms shall be measured by a device with memory
function, for example, a storage or digital oscilloscope, or a
high speed data acquisition device. Accuracy of the
oscilloscope or data acquisition system should be at least
0.2% of full scale. The analogue to A/D of the
measurement device shall have at least 12 bit resolution
(in order to maintain the required measurement accuracy).

TRF No. IEC TS 62910_V2.0
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IEC TS 62910

Clause Requirement - Test Result - Remark Verdict

Voltage transducers (or voltage transformers) and current P
transducers (or current transformers) are the required
sensors for measurement. The accuracy of the transducers
should be 0.5 % of full scale or better. It is necessary to
select the transducer measuring range depending on the
normal value of the signal to be measured. The selected
measuring range shall not exceed 150 % of the normal
value of the measured signal. The transducer accuracy
requirements are shown in Table 1

Table 1 — Accuracy of measurements

Measurement device Accuracy
Data acquisition device 0,2 % full scale
Voltage transducer 0,5 % full scale
Current transducer 0,5 % full scale
43.2 DC source
A PV array, PV array simulator or controlled DC source PV array simulator used
with PV characteristics may be used as the DC power as the DC power source

source to supply input energy for the LVRT test. As the to supply input energy.
EUT input source, the DC power source shall be capable
of supplying the EUT maximum input power and other
power levels during the test, at minimum and maximum
input operating voltages of the EUT.

The PV simulator should emulate the current/voltage P
characteristic of the PV module or PV array for which the
EUT is designed. The response time of a PV simulator
should not be longer than the MPP tracking response time
of EUT.

For a EUT under test without galvanic isolation between P
the DC side and AC side, the output of the PV simulator
shall not be earthed.

The equivalent capacitance between the output of the PV P
simulator and earth should be as low as possible in order
to minimize the impact on the EUT.

A PV array used as the EUT input source shall be capable P
of matching the EUT input power levels specified by the
test conditions. It is necessary to select a period of time in
which the solar irradiance is stable and does not vary by
more than 5 % during the test.

4.3.3 Short-circuit emulator The grid simulator used N/A
to achieve LVRT
function.

TRF No. IEC TS 62910_V2.0
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IEC TS 62910

Clause

Requirement - Test

Result - Remark

Verdict

As part of the grid simulator device, the short-circuit
emulator is used to create the voltage drops due to short-
circuits between the two or three phases, or between one
or two phases to ground, via the impedance network Z1
and Zz as shown in the test device layout in Figure 2.

Back to back circuit

- Z Neyr

Connect to PV

Grid inverter

S
(optional) &
Z;

&'
S;

(optional)

-

(optional)

Figure 2 — Short-circuit emulator

N/A

The impedance Z1 is used to limit the effect of the short
circuit on the utility service that powers the test circuit. The
sizing of Z1 shall therefore account for all test sequences to
be performed and limit the short-circuit current taken from
the grid to values that do not cause an excessive reduction
of the grid voltage. Considering an acceptable voltage
reduction of at most 5 % when performing the test, the
minimum value of Z shall be at least 20X Zg,q, Wwhere Zgq is
the grid short-circuit impedance measured at the test circuit
connection point.

N/A

To ensure that the test is realistic, however, the apparent
short-circuit power (Seut) available at the EUT connection
node Neut should be at least equal to 3xPn. where Pn is
the rated power of the EUT (minimum value Seur> 3xPn.
recommended Seut = 5 to 6xPn), This means that during
the short-circuit tests, the contribution of current through Z1
and Z; from the grid remains dominant compared to the
current contributed by the EUT. In this way, the inverter
current does not create a significant voltage rise for the
duration of the test relative to the no-load drop.

N/A

The two conditions described above define the minimum
and maximum limits of Z1. The two conditions combined
also define the limit criteria for the choice of a grid
infrastructure suitable for performing the test with the
impedance circuit. If the grid infrastructure cannot meet the
above requirements, an alternative test circuit utilizing a
back-to-back converter is allowed, as shown in Figure 2
and may be added to reduce the grid short-circuit
impedance Zgq.

N/A

TRF No. IEC TS 62910_V2.0
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IEC TS 62910

Clause

Requirement - Test

Result - Remark Verdict

Generally, the X/R value of inductor Z1 and Z> for the short-
circuit emulator may close to the transmission line
impedance values for different countries and regions. It is
also appropriate that the inductive impedances Z1 and Z>
should be characterised by an X/R ratio equal to at least 3,
in order to reproduce the typical minimum values of X/R
found in HV as well as MV power lines.

N/A

A bypass connection (Switch S1) of Z1 is usually used to
prevent overheating of the impedance Z1 before and after
the execution of each test sequence.

N/A

The voltage drop is created by connecting the impedance
Z> by the switch S2' If the voltage drop is required to be
created twice in a short period (for double drop tests), a
parallel switch S2' is normally used. The value of Z2/( Z1+
Z>t+Zarig) shall be adjusted to the required voltage
magnitudes. For example, when the required voltage
magnitude is 50 % of the rated voltage, the value of Zz/
(Z1+Z2+Zarid) should be about 0.5.

N/A

The switch Sz shall be able to accurately control the time
between connection and disconnection of Z2 for single
phase, two-phase or three-phase tests. If the phase of
switch Sz cannot be independently controlled, the serial
switch S1 may be used to choose the fault phase. Sz is
used to select whether the fault is to earth or not. All
switches may be either mechanical circuit breakers or
power electronic devices.

N/A

The status of switch S+ and Sz should be set before
performing the test The status of switches corresponding
to fault types is shown in Table 2.

N/A

The test report shall specify the values of impedances Z1
and Z>' the related X/R ratio, and a description of the circuit
used. In addition, the grid short-circuit power available at
the voltage level at which the test is performed shall be
documented.

N/A

The status of switches and fault types are shown in Table
2.

Table 2 - Fault type and switch status

Switch status
Phase A of B, Phase B of B, Phase C of B, B,

Fault type

Phase A to ground Closed Open Open Closed
Phase B to ground Open Closed Open Closed

Phase C to ground Open Open Closed Closed
Phase A and B to ground Closed Closed Open Closed
Phase B and C to ground Open Closed Closed Closed
Phase C and A to ground Closed Open Closed Closed
Phase A and B Closed Closed Open Open
Phase B and C Open Closed Closed Open
Phase C and A Closed Open Closed Open
Phase A, B and C Closed Closed Closed

During the period of voltage drop, S, should be opened first. S, should be closed after S, is opened. The time
interval between the above two actions shall be very short

During the period of voltage recovery, S, should be opened first. S, should be closed after S, is opened. The
time interval between the above two actions shall be very short

N/A

434

Converter based grid simulator

TRF No. IEC TS 62910_V2.0
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IEC TS 62910

Clause

Requirement - Test

Result - Remark

Verdict

The test circuit mentioned in 4.3.3 is recommended for
simulation of grid faults. However, if the test conditions
cannot be met, an alternative test circuit utilizing a back-to-
back converter is allowed, as shown in Figure 3.

A

8 z
Programmable voltage

source
c Z

Grid Connect to PV inverter

Converter device

EC
Figure 3 — Converter device example

P

The test circuit essentially comprises a voltage source with
a low internal resistance combined with broadband
amplifiers (linear or forced switching type) capable of
faithfully reproducing three sinusoidal voltages with
controlled harmonic content, and adjustable amplitude,
fundamental frequency and phase relationship within broad
margins.

When the converter is used, it shall meet the following
requirements:

a) It shall be capable of independently controlling the three
phases in terms of amplitude and phase angle.

b) It shall incorporate impedances Za, Zs and Zc, that can
be adjusted in order to reproduce the ohmic and inductive
components of short-circuit impedances that are typical of
the grid.

c) It shall be capable of reproducing the phase voltages
and relative phase angles that occur on the LV side of
transformers in the event of each of the various fault types.
(See Annex A for the vector representations for each fault).

If the programmable voltage source is a bi-directional,
controlled capable of replicating the influence of short-
circuit impedances Za, Zs, Zc may be omitted.

Test

Test protocol

The LVRT test protocol is designed to verify that the EUT
responds appropriately to voltage drops (due to grid faults).
During the test, the EUT shall demonstrate that it can:

* Appropriately detect the simulated fault.

* Ride through the event and continue operation as
specified in the applicable curves.

* Not suffer any damage from the event.

TRF No. IEC TS 62910_V2.0
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IEC TS 62910
Clause Requirement - Test Result - Remark Verdict
The response to the voltage drop specified operating P
period with two output power ranges
a) between 0.1 Pnand 0.3 Pr;
b) above 0.9 Py;
and with two fault conditions :
c) three-phase drop;
d) two-phase drop or single-phase drop.
The tests should be carried out at least twice at each test
point listed in Table 3.
Table 3 - Test specification for LVRT (indicative) (1 of 2)
Drop times Drop depth® Drop phase® EUT output conditions®
Full load (above 0,9 P,)
Three-ph
Part load (0,1 P, and 0,3 P,)
- " Full load (above 0,9 P)
A i Part load (0,1 P, and 0,3 P,)
! e Full load (above 0,9 P,)
v . Part load (0.1 P and 0.3 P,)
Full load (above 0,9 P,)
Single-phase to ground
Single drop Part load (0,1 P, and 0,3 P,)
Full load (above 0,9 P,)
Three-ph:
Part load (0,1 P, and 0,3 P,)
= . Full load (above 0,9 )
" Part load (0,1 P, and 0,3 P, )
Full load (above 0,9 P,)
Two-phase to ground
Part load (0,1 P, and 0,3 P,)
R Full load (above 0,9 P,)
Single-phase to ground
Part load (0,1 P and 0,3 P)
Table 3 (2 of 2)
Drop times Drop depth® Drop phase® EUT output conditions?
Full load (above 0.9 P)
Three-phase
Part load (0,1 P, and 0,3 F,)
m " Full load (above 0,9 P)
o ¥ Part load (0,1 P, and 0,3 P,)
: Full load (above 0,9 P,)
Two-phase to ground
Part load (0,1 P and 0,3 P_)
: Full load (above 0,9 P_)
Single-phase to ground
Part load (0,1 P and 0.3 P)
Full load (above 0,9 F’H)
Three-phase
Part load (0,1 P, and 0,3 P,)
Full load (above 0,9 P)
Two-phase
Part load (0,1 P, and 0,3 P)
Double drop®
Full load (above 0,9 P)
Two-phase to ground
Part load (0,1 P, and 0,3 P,))
Full load (above 0,9 P,)
Single-phase to ground
Part load (0,1 P and 0,3 P)
a. Double drop test may be required in some countries or
regions. For devices under test not being required for
double drop test, above testing points can be omitted.
b. Drop depth is the residual voltage during the LVRT
testing period which can be decided according 10 the
requirement specified by different countries or regions
(See Clause B.2 for drop depth ratio calculation.)
c. Drop phase can be decided according 10 the
requirement specified by different countries or regions; the
value of two-phase voltage should be line voltage.
d. The test should be carried out under specified K-factor
provided by local manufacture
5.2 Test curve P

TRF No. IEC TS 62910_V2.0
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IEC TS 62910

Clause

Requirement - Test

Result - Remark
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The LVRT response characteristic shall meet the
requirements of the LVRT curve specified by different
countries and regions as needed. An example LVRT curve
is shown in Figure 4.

12 -
11

VRT
10 Keep connecting to the grid LYRT curve

0,9 frmmmmmmmmm e b e e e

08 - /

07

06
05

Voltage of PCC  (p.u.)

May cut off from the drid
04 |- )

03 |m-mmmmmm e e

02
Lowest
01 point

0

H
t b t . t 4
Time (s)

Figure 4 — LVRT curve example

P

The example curve shows that the EUT should keep
operating during operating conditions indicated in the area
above the LVRT curve. Specifically, the EUT should keep
operating for (t1 — to) seconds without disconnecting from
the grid when the interconnection voltage drops to 0 % of
rated voltage; for (t2 — to) seconds when the voltage drops
to 30 % of rated voltage; and for (3 — to) seconds when the
voltage drops to 70 % of rated voltage. The EUT should
disconnect from the grid during operating conditions
indicated within the shaded areas.

The example shows two types of points on the LVRT
curve: the lowest point and the inflection point. Tests shall
be carried out at both types of points.

5.3

Test procedure

5.3.1

Pre-test

Prior to the fault simulation tests. the EUT should run in
normal operating mode. The selected LVRT curve should
be used to identify voltage drop points. including the lowest
point and the inflection point. as well as other random
points in the curve. Selection of the drop time should

follow the requirement of the applicable country or region.

53.2

No-load test

Prior to the load test, adjust the fault emulator to simulate
symmetrical and asymmetrical voltage drops without EUT
connection. and validate that the measured results are as
intended.

This step ensures that the amplitude of voltage and drop
duration can match the requirements in Figure 5.

5.3.3

Tolerance

The tolerances for drop depth and duration during the no-
load test shall reference the requirement of Figure 6 in IEC
61400-21 :2008, and not exceed the values shown in
Figure 5
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The tolerance for voltage magnitude is +5% of rated
voltage for the period before and during the voltage drop.
The tolerance for voltage magnitude is +10 % of rated

voltage during the period after voltage is recovered. The
tolerances shall be measured between 0 and +5 % of
rated voltage for the lowest point and the inflection point
under no-load conditions.

P

The duration of each voltage drop is determined according
to the requirements of the applicable LVRT curve. The
tolerance range for both drop duration and rise time prefers
40ms.

Amplitude of voltage %
B
o
3
[

Time(s)

Figure 5 — Tolerance of voltage drop

534

Load test

Tests under load shall be carried out after the no-load test
results successfully meet the performance requirements.
The parameters of the grid fault simulator should be
consistent with the no-load test.

With the EUT connected to the grid fault simulator device
and the PV simulator (or PV array), the output power
should be set to (0.1-0.3) Pn and above 0.9P, separately.
Additional load tests at other power levels should be
performed as determined by the specific regional
requirements.

During the LVRT test, MP1, MP2, and MP3 (shown in
Figure 1) shall be selected as the test points for measuring
and recording the values of voltage and current.

The waveform and data of the measured voltage and
current at the measuring points shall be recorded by the
data acquisition device from time A prior to the voltage
drop to time B after the subsequent voltage rise.

For "A" and "B", specific data should be determined by
different countries or regions.

Assessment criteria
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The various assessment criteria is determined by the
requirements of the different countries or regions. The
characteristics and performance criteria for utilization are

shown in Annex B, and can be referenced by a local user.

P
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Annex A

Circuit faults and voltage drops (informative)

A1

Fault types

The grid faults of high voltage power transmission line are
commonly divided into four different types:

single-phase grounded fault,
two-phase short circuit fault,
two-phase grounded fault, and
three-phase short circuit fault.

The most common one is the single-phase grounded fault,
which accounting for over 90 % of the total number of the
faults.

Considering the different fault phases, the short circuit
paths for all types of fault are shown in Table A.1.
Table A.1 - Short-circuit paths for different fault types

Type No. Short chrcult type Equivatent diagram Mathematical fermuise

Single-phane A) aven
drcad! greunded faut

Two-phase (BC) shoet ||

croain wlatec faut

Two-prase (AB] shoet - v
cheur grounded bauk
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P
o ) (
a Two phase (BC) shoa - N I =0
Qrown ded 1 L S <5 ‘8
it ed, | @ T
| ) (
> Two phase (CA) shot Sy 4y r
chroar groandad tust ol W'I. ' 40
3 ; | )
10 Tt g W, e
NOTE 1 v v, ans 1 maen loull v prase A, shise B ant prase C ot Ul point separatey
NOTE 2 '. Iy wrdd 1, mrase Tl owr o A praw b phass C ol leili gonl separaiely
NOTED TyweNo 1.2 2.7 2 wd s are nee appicabe for IT systan
A.2 Voltage drops
A .21 General

When a fault occurs, the voltage amplitude in the faulted
phase should be decreased. When a fault occurs between
two phases, the phase angle should be changed on
inverter output side. Due to the different types of line-
transformer connections, the magnitude and phase of
inverter AC voltage will vary. Figure A.1 shows the circuit
topology under the fault condition.

PCC

Faul point

= 2

PV inverter

Figure A.1 — Grid fault diagram

As indicated in Table A.1, the value of fault phase voltage
at the fault point is zero. (If the grid fault type is two-phase
short circuit fault without ground, the line voltage between
two fault phases should be zero.) Because PCC is the
common connection point of the infinite grid, Zibetween
the fault point and PCC could be treated as infinite. The
voltage drop amplitude and phase deviation in PV inverter
AC side have been determined by the value of Z, and type

of transformer.
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The transformer "T" represents the voltage and phase
transformation being equivalent to all the transformers
between the fault point and the PV inverter, because one
or more transformers are connected. The equivalent
transformer "T" has only two types -Y/Y or Y/A. In order to
simplify the analysis, the transformer windings could be
considered as one of two types, Yn/Yn12 and A/Yn11, with
a ratio of 1.

P

A22

Three-phase short-circuit fault

Figure A.2 illustrates the change in inverter AC voltage
magnitude and phase when a three phase short-circuit
fault occurs:

s Lig*

Figure A.2 - Diagram of voltage vector for three-phase short-gircuit fault

Figure A.2(a) shows the angle and phase state with a
Yn/Yn12 transformer connection. Figure A.2(b) shows the
angle and phase state with a A/Yn11 transformer
connection. The corresponding relationship between the
fault phase and the other two phases is shown in the
following Table A .2.

Table A.2 - Amplitude and phase changes in three-phase short-circuit fault

Residual With the Yn/Yn12 transformer With the A/Yn11 transformer
voltage of fault
phase Phase A Phase B I Phase C Phase A Phase B Phase C

% Am. | Ph. | Am. [ Ph. | Am. | Ph. | Am. | Ph. | Am. | Ph. | Am. | Ph

100 1 0 1 0 1 ‘ 0 1 30 1 30 1 30
50 0.5 0 05 | o 05 | o 0.5 30 0.5 30 0.5 30 |
20 0,2 0 0.2 0 0.2

| o | 02| 30 [02] 3 |o2] 30
0 0 - o | - 0o | - 0 - 0 - 0 -

NOTE Am. means amplitude and Ph. means the initial phase.

A23

Two-phase short-circuit fault with ground

There are three possible two-phase short-circuit earth
faults, depending on the fault phases. Taking the two-
phase (BC) short circuit fault with ground for example, the
change in inverter AC voltage amplitudes and phases are
shown below:

ub’

0
Ue (a) Ub (b)
EC

Figure A.3 — Diagram of voltage vector of two-phase (BC) short-circuit fault with ground
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Figure A.3(a) shows the angle and phase state with a P
Yn/Yn12 transformer connection. Figure A.3(b) shows the
angle and phase state with a A/Yn11 transformer
connection. The corresponding relationship between the
fault phase and the other two phases is shown in the
following Table A.3.
Table A.3 - Amplitude and phase changes in two-phase (BC)
short-circuit fault with ground
Residual With the Yn/Yn12 transformer With the A/Yn11 transformer
voltage of fault
phase Phase A | PhaseB Phase C Phase A Phase B Phase C
% Am Ph. Am Ph. Am Ph. Am Ph Am Ph. Am. Ph.
100 1 0 1 0 1 0 1 30 1 30 1 30
50 1 0 0,5 0 0,5 0 0,76 19 0,5 30 0,76 41
20 1 0 [ 0,2 0 0.2 | 0 0,64 9 0.2 30 0,64 51 [
0 1 0 ¥0 = 0 - gU.SB 0 0 - 0,58 60
NOTE Am. means aimipilrtu:ire a;\d Ph r;\eahs (;o mu;p’h;siei - T B o o
A.24 Two-phase short-circuit fault without ground
There are three possible two-phase short-circuit earth
faults, depending on the fault phases. Taking the two-
phase (BC) short circuit fault for example, the change in
inverter AC voltage amplitudes and phases are shown
below:
Lz
-
3 ._ '.. -\... ey
o ia) Uk B
FIQUI‘E Al - Dlagram af vnltaga wvector of Iwo-phage 1EC] ghor-gcircwit faull
Figure A.4(a) shows the angle and phase state with a P
Yn/Yn12 transformer connection. Figure A.4(b) shows the
angle and phase state with a A/Yn11 transformer
connection. The corresponding relationship between the
fault phase and the other two phases is shown in the
following Table A.4.
Table A.4 — Amplitude and phase changes in two-phase (BC) short-circuit fault
;uldual e With the Yn/Yn12 transformer With the A/Yn11 transformer
voltage of
fault phase Phase A ’ Phase B Phase C Phnf A Phase B Phase C
% Am. | Ph. | Am. | Ph Am Ph. | Am Ph. | Am T\ Ph. Am. Ph. |
100 1 0o | 1 0 1 o | 1 30 1 | 30 1 30 |
50 | % 0 | 066 19 0,66 -19 ‘ 0.9 | 16 0.5 | 30 09 a4 |
20 1 0 | 0,53 41 0,53 -41 | 0,87 7 0,2 30 0,87 53 |
0 1 0 | 05 60 0.5 60 | 0,866 0 0 - 0,866 60 "
NOTE Am. means amplitude and Ph. means the initial phase.
A .25 Single-phase short-circuit fault with ground P
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There are three possible single-phase short-circuit faults to
ground, depending on the fault phases. Taking the single-
phase A) short circuit fault for example, the change in
inverter AC voltage amplitudes and phases are shown
below:

L8

Ue [CY) U

Figure A.5 — Diagram of voltage vectar of single-phase (A)
shor-cireuit fault with ground

P

Figure A.5(a) shows the angle and phase state with a
Yn/Yn12 transformer connection. Figure A.5(b) shows the
angle and phase state with a A/Yn11 transformer
connection. The corresponding relationship between the
fault phase and the other two phases is shown in the
following Table A.5.

Table A.5 - Amplitude and phase changes in single-phase (A)
short-circuit fault with ground

Residual With the Yn/Yn12 transformer With the A/Yn11 transformer
voltage of
fault phase Phase A Phase B Phase C Phase A Phase B Phase C
% Am Ph. Am Ph Am Ph Am Ph Am Ph. Am Ph
100 71 ”0 717 I 0 j 71 | 0 - 1 50 i 1 4;73(7) ) 7’! i 36 |
50 05 0 1 0 1 0 0,76 41 05 | 30 0,76 19
20 02 | o | 1 | o | 1 | o |o6a | 51 | 02| 3 | oes | 9
0 1 0 1 0 1 0 0,58 60 0 g = 0,58 0
"NOTE Am. means amplitude and Ph. means the initial phase ) |
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Annex B

Determination of critical performance values in LVRT
testing (informative)

P

B.1

General

This Annex provides suggested methods for determining
several of the critical performance values in LVRT testing.
Different countries and regions may choose alternate
methods according to the requirements of their standards.

B.2

Drop depth ratio.

As the voltage of the test circuit may deviate from the
nominal voltage of system, the rated voltage of the EUT
should be used as the reference voltage for calculations of
the voltage drop depth ratio, as shown in Formula B.1. As
such it is not recommended to use the value of the actual
voltage measured prior to the drop test to calculate drop
depth.

.
PR

B (B.1)
Up
where
An is the residual voltage ratio;
Udip is the actual voltage during the drop test;
Un is the rated AC voltage of EUT.

8.3

Ride-through time

Over the voltage drop period, the EUT shall meet the ride
through time requirements corresponding with the
applicable voltage drop depths. These requirements will
differ depending on countries and regions, however, the
LVRT performance should meet or exceed the most
demanding requirements for the specified region. LVRT
functions tested successfully according to specific ride
through requirements should only be applied in
corresponding countries and regions where those
requirements are applicable.

B.4

Reactive current

As require by applicant,
reactive current is not
requirement over the
duration of the voltage
drop.

N/A

If the EUT generates reactive current as a function of
voltage drop depth over the duration of the voltage drop,
the incremental voltage changes in the un-fault phases
caused by the increased reactive current shall not exceed
any values specified by the most demanding requirements
of the different countries or regions.

N/A
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If it is required that the reactive output current of the EUT
should change dynamically according to the voltage
change during the drop period, the time period for
estimating the value of reactive current should be selected
between the beginning of the voltage drop and the
beginning of the voltage recovery. This is shown as the
time between t1 and t2 in Figure B.1. In general, time period
between t2 and ts is not over 20 ms.

A
RMS Ia

e
-

o f t s

IEC
Figure B.1 — Determination of reactive current output

The output of reactive current may fluctuate during test.
This fluctuation may result in reactive current values that
are higher or lower than the standard requirement during
the test, especially during the voltage drop period.
Therefore, the reactive current value measurement should
be averaged over the whole drop period.

N/A

B.5

Active power

If active power control characteristics are required by the
local standard during LVRT events, it is necessary to
characterize active powers (po) before, during (p1) and after
(p2) the voltage drop, as shown in Figure B.2.

Active power (p1) may fluctuate during the voltage drop
interval, especially at point (ps) where system voltage
recovery begins. It is therefore misleading to use the value
of active power recorded at ps for active power control
assessment. It is suggested instead that an average value
of active power be determined over the time between ti
and t2 to assess the characteristics of active power
recovery

P2
rust P

™ B

—Ps

-

O ff f2 LTS

Figure B.2 — Determination of active power recovery
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5.3.1 Pre-test (Grid simulator setting) P
Figure Ezléltth Eitrjgtion l - - Pos.pu
(ms) pu Degree pu Degree pu Degree
5% 250 0.05 0 0.05 240 0.05 120 0.050
A2 2 20% 770 0.20 0 0.20 240 0.20 120 0.200
(b) 50% 1800 0.50 0 0.50 240 0.50 120 0.500
85% 3000 0.85 0 0.85 240 0.85 120 0.850
5% 250 0.05 0 0.59 268 0.59 92 0.366
A2.3 20% 770 0.20 0 0.64 261 0.64 29 0.467
(b) 50% 1800 0.50 0 0.76 251 0.76 109 0.666
85% 3000 0.85 0 0.93 243 0.93 117 0.900
5% 250 0.05 0 0.87 268 0.87 92 0.521
A2.4 20% 770 0.20 0 0.87 263 0.87 97 0.600
(b) 50% 1800 0.50 0 0.90 254 0.90 106 0.750
85% 3000 0.85 0 0.97 244 0.97 116 0.925
5% 250 1.00 0 0.59 212 0.59 148 0.683
A25 20% 770 1.00 0 0.64 218 0.64 142 0.733
(b) 50% 1800 1.00 0 0.76 229 0.76 131 0.833
85% 3000 1.00 0 0.92 237 0.92 123 0.950
Note:

A/Yn11 transformer connection shows the angle and phase state of A.2.2(b), A.2.3(b), A.2.4(b), A.2.5(b).
SC: short circuit

SC-GND: short circuit with ground

SC(no ground): short circuit without ground
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5.3.2(b) No load Test (A/Yn11 transformer) P

Model: SG3125HV-32

Test \égg?ﬁ?pu] Fault type N\I/i?tzlé;ﬁd Fault durat|o.n [ms] Verdict

Pos [pu] Drop Maintain Restore

211 A2.2(b) 0.048 16.1 321 19.0 P
21.2 0.05 A.2.3 (b) 0.365 19.8 431 17.5 P
21.3 A.2.4 (b) 0.520 16.0 419 19.7 P
214 A.2.5 (b) 0.677 18.4 415 19.7 P
221 A2.2 (b) 0.211 19.6 870 16.8 P
222 0.20 A.2.3 (b) 0.460 14.7 961 18.3 P
223 A.2.4 (b) 0.593 18.2 962 15.9 P
224 A.2.5 (b) 0.722 18.2 950 18.2 P
2.31 A2.2(b) 0.500 13.2 1930 275 P
232 0.50 A.2.3 (b) 0.658 13.2 1920 17.5 P
233 A.2.4 (b) 0.745 19.3 1890 19.2 P
234 A.2.5 (b) 0.829 14.0 1860 17.5 P
241 A2.2(b) 0.850 14.9 3110 14.9 P
242 0.85 A.2.3 (b) 0.899 14.0 3103 14.1 P
243 A.2.4 (b) 0.925 16.1 3082 14.1 P
244 A.2.5 (b) 0.947 16.7 3085 16.7 P

TRF No. IEC TS 62910_V2.0




Page 27 of 81 Report No.: 6092407.51

5.4.3(b) LVRT Test (Load test - A/'Yn11 transformer connection) P
Model: SG3125HV-32
Appendix: Annex D (Load test)
Voltage Fault P set point Set point
Test Depth [pu] Fault type duration [ms] | [P:£] [Ki] PIF
511 20% P
A.2.2 (b) 250
5.1.2 100% P
51.3 20% P
A.2.3 (b) 250
514 100% P
0.05 2
515 20% P
A.2.4 (b) 250
516 100% P
51.7 20% P
A.2.5 (b) 250
51.8 100% P
5.2.1 20% P
A.2.2 (b) 770
5.2.2 100% P
523 20% P
A.2.3 (b) 770
5.2.4 100% P
0.20 2
525 20% P
A.2.4 (b) 770
526 100% P
527 20% P
A.2.5 (b) 770
528 100% P
5.3.1 20% P
A.2.2 (b) 1800
53.2 100% P
533 20% P
A.2.3 (b) 1800
534 100% P
0.50 2
5.3.5 20% P
A.2.4 (b) 1800
5.3.6 100% P
5.3.7 20% P
A.2.5 (b) 1800
5.3.8 100% P
541 20% P
A2.2b 3000
54.2 100% P
543 20% P
A23b 3000
544 100% P
0.85 2
545 20% P
A2.4b 3000
546 100% P
547 20% P
A25b 3000
5438 100% P
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5.1(b) LVRT Test (A/Yn11 transformer) P
Model SG3125HV-32
Required fault Measured fault Percentage of Durati_on of

Test number ;ﬁ}tage pos. Bt s E:)oul]tage pos. Duration [ms] aftefl;e:[;eltnf%lr] ;Z?ttﬁr:g?ms]
5.1.1 0.061 359 103 82
5.1.2 0.053 338 104 243
51.3 0.390 399 69.2 257
51.4 0.389 385 67.0 298
51.5 005 250 0.539 421 44 .2 43
5.1.6 0.539 394 46.1 267
51.7 0.693 371 49.4 110
51.8 0.693 371 50.5 277
5.21 0.211 827 107 65
5.2.2 0.231 834 108 272
523 0.487 919 68.8 111
524 0.486 923 66.0 306
5.2.5 020 70 0.613 916 49.8 142
5.2.6 0.611 912 49.6 247
5.2.7 0.742 914 51.4 108
5.2.8 0.742 905 51.6 292
5.31 0.513 1880 103 140
5.3.2 0.525 1912 100 237
5.3.3 0.687 1910 64 135
534 0.689 1864 64 282
5.3.5 050 1650 0.764 1873 49 145
5.3.6 0.764 1870 49 255
5.3.7 0.839 1834 30 105
5.3.8 0.841 1810 31 130
5.4.1 0.850 3022 29 215
54.2 0.855 3080 31 145
543 0.909 3045 19 175
54.4 0.912 3093 19 102
54.5 085 3000 0.930 3028 141 178
5.4.6 0.937 3057 14.2 122
54.7 0.952 3088 10.1 156
54.8 0.957 3082 10.1 114
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Test 2.1.1

A.2.2(b): Depth of fault phase:5%, three-phase SC fault, A/Yn11, 0% load

:Time [s] :26.48881 :26.81012 032131
:‘A.I 4/u1 [V} 1.717329 B.264637 . T.882016
Al 4/U2 V] 4243381 18.78524 14.53686
CAL4fUE V] -2.58731% -25.08474 -22.45742
|U+_pufl 0.018085 0.028012 0.010927
U-_puf] 0.014733 3.207e4 -0.014413
I+_pu [l 892566 111085 . 3 . 217726
—_puf] -5.653e-6 9.417e-6 1.507e-5
iP+_pu[] 109726 160527 " 936le7
Test 2.1.2
A.2.3(b): Depth of fault phase:5%, two-phase SC-GND, A/Yn11, 0% load

T enl] U] AL NTAT

L 70 I - et § e ot | =

‘Time[s]

Al 8{U1 [V]
1Al 8jU2 [V]
Al &{Uz [V]
W+ pufl
U-_pul]
I+_pu]
_I—_puII
|P+_pull
P-_pull
Q_pull
1Q_pull

B Delta
0:29.49056 043155
354.0213 £24.5859
st ‘ 739.2405
0.365630 1.396e-3
0318808 3475¢3
£.728e5 116465
61535 344825
-9.641e-6 132406
2112¢6 ; 282806
2467e5 -4.157e-6
1.962e 5 S 1.109e 5
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Test 2.1.3
A.2.4(b): Depth of fault phase:5%, two-phase SC(no ground), A/Yn11, 0% load

Tl AL AL AL

Tl Ol Pl Pl Tl

= 4]

A B Delta
Time [s] 0:29.03215 0:29.45204 0.41989
LAl 4/U1 [V] -221.1535 -208.8676 12.28585
Al 8/U2 [V] -153.0242 -1maTe2 5548022
Al 4]Uz V] 374.1820 353.3507 -20.83135
U+_pu ] 0.520508 0.525687 5.08%-3
lU-_pu] 0.469825 0.475398 55T1e3
I+_pu [] 1.067=-4 1.092e-4 2.48%e-6
I-_puf] 9.174e5 1.008e-4 9.030e-6
P+ _pul] -6247e-5 -1.453e-5 -1.208e-5
P_pull -3.744e5 -4.757e-5 -1.013e-5
Q+_pull 555405 57395 1.851e-6
Q- pull 2311e5 479165 480466

Test 2.1.4
A.2.5(b): Depth of fault phase:5%, si_ngle-phase SC-GND, A/Yn11, 0% load

o T po [ WSV 0T,

=

g

e

n %liiiiiiiiiiiiiiiiiiiiii AR R | ] o I Al A

A o S e haAe i e it R [ e i L R R PR R R R SR
0:24.00 02450 0:25.00 B 0:29.50 0:26.00 0:26.50 =

A B Delta ‘

Time [s] 0:24.80277 0:25.21860 0.41584

Al4JUL V] 309.0732 -288.0438 -58T.1170

Al 4/U2 [V] -228.9180 -488.6837 -258.7647

Al 4/U3 V] -80.18733 T76.5642 856.7515

U+_puf] D.677585 0.677857 2.616e-4

U-_pufl 0.312820 0.314620 1.801e-3

I+_pu [] 1.461e-4 1.561e-4 5.830e-6

I_pu[] 5.903e-5 7.285e5 1.382%e5

P+_pu[] -3.154e-5 -2487e-5 6.573e-6
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Test 2.2.1

A.2.2(b): Depth of fault phase:20%, three-phase SC fault, A/'Yn11, 0% load

pu-[] Ur_pu-[] Al%... V] Al

T

R TR TRIRG

................................... B L e e =
023 GRS 02400 02450 (2] 02500 02550 [

A B Delta

[ Time [s] . . 0:23.83533 ) 0:24.70588 . 0.87055

Al 4/U1 V] : 79.63801 ) -99.94531 : -179.5833

a1 4/U2 V] -160.7227 167.3643 3285871

Al4/UZ V] 8113790 -67.80219 -148.9401

U+_pu [l 0211224 0.200097 -0.011127

U-_pul] 4.585e-3 126823 -3.317e-3

I+_pu [] i i i 3.805e-5 ; 4387e5 f g 5.818¢-6

I- pull 2.785e-5 5.953e-6 -2.18%e-5

P+_pull ) 619566 ' 3.144e-6 | 933%6

Test 2.2.2

_A.2.3(b): Depth of fault phase:20%, two-phase SC-GND, A/Yn11, 0% load

T AL NTALNTAL VT |

o

|

25 I JO% [ i o i o

Time [s] 0:23.6728%4 0:24.634272 0.961378
|Alajus V] 312.7067 2254277 -87.28457
|1 4ju2 v ‘ 2062115 339.1369 ) 42.92536
Al ajuz V] v / -gDBETER O -564.9798 i © 0 4389906
|U+_pupl D0.460938 0462343 1.405¢-3
U-_puf] 0.263133 0.265204 2.071e-3
|+_puli 1.047e-4 1121e-4 7.496e-6
ll_pull 4.951e-5 6.013-5 1.062e-5
IP_pu ] -1.387e-5 -1.499¢-5 1124e6
P-_puf] . i 55717 . 436567 . 9.941e7
IQ+_pull 4.824e-5 5.185e-5 3.613-6
Q-_pull : o 130365 ‘ 150525 292066
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Test 2.2.3
A.2.4(b): Depth of fault phase:20%, two-phase SC(no ground), A/Yn11, 0% load

Tl Ol Pl ol Tl

Time [s] 0:27.58375 0:28.54629 0.96254
\ALa/UL V] o 427.5100 3616173 ) -65.80222
AI 4/U2 V] . 298.2900 446.2004 . . 148.6104
VAL 4juz V] T ) 7259055 i -508.6291 ¢ A -82.72362
\U+_pul] 3 0593701 0.535437 . 173583
U-_pu ] 0.393626 0.396410 2.783e-3
il+_pu[] 1.228e-4 1.552e-4 323825
I-_puf] 4.411e-5 6.118e-5 1.707e-5
IP+_pu [] -5.790e-5 -8.380e-5 -3.600e-5
P-_pu[] 5 ; o -3.743e5 3 0 -4.250e-5 . i -5.071e-6
|Q+ pull 7.2942-5 9.243e-5 1.949e-5
Q- pull 17375 242665 ' 68596
Test 2.2.4

A.2.5(b): Depth of fault phase:20%, sirlglle-phase SC-GND, AlYn11, ‘0% load

u-1] U_pu-[] Ge_pu- ] Al%... [V] Al4... W] AlA...|

=
Fl
2
i
S - ove— e ————————————————————— S — PP ———————— —
Fl
e D D
M| R B P S o N R O P o e e e e DR S o Oy e o
<
| 02400 0:25.00 T26.00 [=] 0:27.00 02500 [ |
. . ' ' A f B K : Delta i
[ Time [s] i i 012533754 i 0:26.28820 i i 0.95066
Al 4/U1 V] ; 4771397 : 415.0355 . 8921753
IAl /U2 V] -341.1837 4255867 T66.7704
AlajUz [ 818.4302 -840.8647 -1659.295
U+_pu[] 0722162 D.726734 4.623e-3
U-_pul] 0265540 0.264504 10363
I+_pull . 1586ed Ledled . . 5.595¢-6
- pull 4.382e-5 5.073e-5 6.912e-6
P+_pu[] -2.511e-5 -3.53Te-5 -1.027e-5
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Test 2.3.1

A.2.2(b): Depth of fault phase:50%, three-phase SC fault, A/'Yn11, 0% load

SRRV

To po- T pa T AT 0 &

= < SO o
A | N P oS e e P S e e R et [P FH e
E 3
0 1o 1 o 100 [ YA sttt A
i L I Ly Py | a———— ————
! 3} B R P B e e I
2 5 P
027.00 0:28.00 025.00 00 [2] 0:31.00 (-]
d A B Delta
Time [s] 0:28.40636 0:30.35348 184711
AlajuL V] —367.8193 63.08338 430.8827
Al 4/U2 [V] 366.5679 -393.9464 -760.5143
Al afuz V] 1243115 330.8574 329.6542
|U+_pu[] 0.435005 0499185 0.014160
U-_puf] 16T1e3 7.001e-4 -9.709e-4
1+ _puf] 1.010e-4 1.121e-4 1.113e5
.|—_p|l 1] -2.336e-6 -1297e5 -1.063e-5
|P+_pul] -0.901e6 82926 16996

A.2.3(b): Depth of fault phase:so%, tvLc:phase

Test 2.3.2

o] U] ALVIAL-VIAL-VT |

Bl Gl Pl Pl T

Time [g] 0:25.30845

Al aju1 V] 4932037

Al 4fU2 [V] -122.9498

- A ajuz v -370.0915
U+_pu[] 0.659986

U-_pu[l 0.170741

1+_pu ] 1514e-4

I-_pul] 3.688e-5
P+_pull 23275

! P_pull 142826
Q+_pul] 9.0902e-5

] Q-_pull 62986
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Test 2.3.3

A.2.4(b): Depth of fault phase:50%, two-phase SC(no ground), A/Yn11, 0% load

U T A VAL TR VY

0:22.00

:28.00

02400 P D 03000 [2
A B Delta |
Time [s] 0:24.86869 0:26.80338 1.93468
ALajUL V] -167.8996 539.4907 7073904
Al 4/U2 [V] 505.2369 198.7822 -306.4547
|ALajUz V] -337.3783 -T3B.A046 -401.0263
\U+_pull 0.739270 0.745312 6.141e3
U-_pufl 0.247659 0246243 -1416e-3
[1+_pufl 185264 1.866e-4 142726
ll_pufl 494485 9.873e-7 -4.8466-5
|P+_pull -8.071e5 -1.331e4 -4.242e-5
P-_pull -1.999e-5 -1.965e-5 3.383e7
|Q+_pull 13694 1.301e-4 2.201e-6
1@-_pul) 1225e5 243167 12005
Test 2.3.4
A.2.5(b): Depth of fault phase:50%, single-phase SC-GND, A/Yn11, 0% load

i;& TR TR TR TR TR T T R TR T TR e Rt (SR A AN TN T TR SR TR TRTR TR AT ...""1.
- ! TP I LML I GBI W i
=
>
<
S
3
gl .......................
bt B

L

P+ pu-1] F_pu-[J F_m

Time [s]
|A1aju1 V]
|A1a/u2 v]
|m1ajuz (v
U+_pul]
U-_pul]
I+_pul]
I-_pull
P+_pul]

0:27.98257 0:29.84335
6847604 ; . 7093263
2741473 -58.69079
-410.8444 -650.7402
0820791 0.833101
0167719 0167443
2.091e-4 2.188e4 .
9.925¢-6 1.79e-5
-4451e-5 ) -5.016e-5
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Test 2.4.1
A.2.2(b): Depth of fault phase:85%, three-phase SC fault, A/Yn11, 0% load

=
"=
|
lg
3
&
12

T

TR | TR

|Time [s] ) ) 0:24.54710 . 0:27.88700 . 3.13990
|l 4fu1 V] : 3289197 ) 3207846 ) -8.135081
Al 4/U2 V] -T15.4582 -T21.08T5 -5.629301
(Al 4jUz V] 386.3776 400.4543 1407671
\U+_pufl 0.340715 0348372 7.658e-3
U-_pull B.534e4 1.239e-3 5.858e4
|+_punl ; i ; 2.040e-4 . 19054 | g e -1.352e-5
- pufi 405les 13396 5.300e-6

1P+_pull 4321e5 ) 3.521e5 © 0 7996e6

Test 2.4.2
A.2.3(b): Depth of fault phase:85%, two-phase SC-GND, A/Yn11, 0% load

Qe Quar] Pene [ P

| Time [3] 0:25.46485 0:28.58847 3.12351

Al 4/U3 [V] -712.1220 -143.8555 568.4685
(AL4/U2 [V] ‘ ) ) 124.5880 590.8576 ' ' -T24.3466
Al4jU3 [V] 3 i 587.0400 T 743.8119 : T 156.7719
U+_pu[] : 0891460 . 0.396110 . 485083
U-_pul 0.043220 0.047336 -8.845e-4
+_pul] 2.084e-4 1.984e-4 -1.093e-5
I-_pull -1.060e-5 -6.257e-6 4.330e-6
P+_pul] -3.683e-5 -3.535e°5 14796
P-_pu | ; 1.030e-6 9.261e-7 -1.038e-7
Q+_pull 1.866e-4 177804 ‘ -B.A20e-6
(Q_pull -5.110e-7 -2.962e-7 214867
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Test 2.4.3
A.2.4(b): Depth of fault phase:85%, two-phase SC(no ground), A/Yn11, 0% load

] Uen] AL VTAL.VTAL.NT|

Tl Gl P BT Tl e

5150 [ 2] 0200 (=] 0250

A B Delta

Time [s] 0:18.83597 0:21.89007 3.05409
Al 4JU1 V) 444,8874 -697.3751 -1142.263
AL4/U2 V] - 7277475 opose Ta7.3558
A1ajua V] o ! 2827847 T 687.8102 ! 0 405.0255
U+ pufl ) 0918856 . 0920119 | 1268e3
U-_pu[] 0.070052 0.069323 7.2950-4
I+_pu [] 2.015e-4 20844 6.841e-6
I-_pull 93076 2.280e 5 -1.358e 5
P+_pul] -1337e4 -1.550e-4 -2.134e5
P- pull i i i -5.019e-6 i i 448666 : 5.336e-T
Q+_pufl 1.852e-4 1917e-4 6.54%e-6
|Q-_pull -6.520e-7 -L587e6 -9.350e-7

Test 2.4.4

A.2.4(b): Depth of fault phase:85%, s-in:gle-phase SC-GND, A/Yn11, 0% load

E
e
R
E
I
15
E
=
=

[ Time [s] ' . 0:24.04933 8 0:27.22504 " . 317571
Al ajus V] . 6633139 ) 7423990 . -BDBT304
a1 sjua vy -730.4218 9175468 822.1765
1AL 47Uz V] £64.3335 650.7936 -13.58435
U+ _puf] 0.855724 0.942434 -0.013290
(U-_pull 0.040611 0.049788 9.186e-3
fle_pul] . ' 1.967e-4 . . 2.160e-4 . . 1.933e-5
pu] : o -3.092e5 ‘ -1.007e-5 o 2.085¢-5
:P + puf] -3.095e-5 -5.382e-5 -2.3287e-5

TRF No. IEC TS 62910_V2.0




Page 37 of 81 Report No.: 6092407.51

Test 5.1.1
A.2.2(b): Depth of fault phase:5%, three-phase SC fault, A/Yn11, 20% load

T

BRI

Time [s] i i 0:26.14651 i 0:26.50560 i 0.35910
Al aU2 [V] ‘ -48.30003 ) -48.037T7 0.262260
Al ajU3 V] 3122477 40.04121 2.816439
11.60407 8.520604 -3.083468
0.082595 0.061148 -1.44%9e-3
u-n 6.694e-3 8.1%4e-3 1.499e-3
=0 ' " 1030429 . 1.062584 . . 0.032154 .
-0 -0.058743 6.302e-3 0.066051
|P_fund_SYM+_rc@POWER/0 [W] 7sezaol : 8937.549 " 1652965
Test 5.1.1

A.2.2(b): Depth of fault phase:5%, three-pha_ss SC fault, AlYn11, 20% load, restoring time

W\ﬂ

T

B

oW F

 Time [s] E i 0:26.51076 i 0:26.59276 W 0.08200

Al 4/U2 V] -12,89558 7604640 7733596

LAl 4/U3 [V] 5026508 702.1156 6518505
62.84025 -59,03554 -121.8758
0.061570 1.000%88 0.938418

u-1 5.270e-3 3.509e-3 -5.761e-3

I+ : i ) 1.064443 . 0116609 ; . 0047834

-1 -0.015911 -8.933e-3 6.978e-3

P_fund_SYM+_rc@POWER/0 [W] 8608075 3138272 3052182
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Test

5.1.2

A.2.2(b): Depth of fault phase:5%, three-phase SC fault, A/Yn11, 100% load

Time [s]

Al 4jU2 V]
a1 4/U3 v

u-1

=0

-1
P_fund_SYM+_rc@POWER/Q [W]

0:23.78765
-35.11548
2753115
7141820
0.053108
0.010815
1.047319
0.039633
7962915

5.885e-3
1.005351
8.8992-3
2630092

Test

5.1.2

A.2.2(b): Depth of fault phase:5%, three-phase SC fault, A/Yn11, 100% load, restoring time

O O 000 0 O O S S
= d

g
|
1 =

:
LR
B
| :Q:
£ |
B
‘Time [s] 0:24.12633 0:24.37027 0.24354
:Al 4/uz V] -4.715520 337.6076 3423236
|AL /U2 ] 3224111 -847.5643 -815.3232

37.14657 509.7027 4725561

i 0.045750 1.012666 0.962916
u-n 6.026e-3 6.085e-3 5.896e-5
I+ 1.005058 0.012428 . -0.992670
-0 6.429e-3 26893 -3.740e-3
|P_fund_SYM+_rc@POWER/0 [W] 26266.69 1573et6 1546et6
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Test 5.1.3
A.2.3(b): Depth of fault phase:5%, two-phaseSC-GND, AlYn11, 20% load

04250 S 2 | B o=x 044,00 3

A B Delta
Time[s] 0:43.020306 043410548 0399154
Alajui V] -262.7006 -293.0682 3036761
Al 8jU2 V] S 2778804 sag0 1114249
Al a/u3 v B : 540.7300 K 5834415 I i 4271150
U+ pull : 0390831 0392643 . 181723
U-_pufl 0301559 0304433 203323
1+ pull 0.692891 0.667469 0025022
I_pufl -0327187 0325641 154503
P+ pull 0013343 0.014167 0.027510
P-_pul] i : : 0010847 ; : 1916e3 | ; 5.931e3
@+ pull 0270818 0262085 872383
Q puf] ~0.098672 -0.099161 : 459704
Test 5.1.3

A.2.3(b): Depth of fault phase:5%, two-phase SC-GND, A/Yn11, 20% load, restoring time

43

A B Delta

Time [s] 0043421751 0:43.679645 0.2578%4
Al4JUL V] 4161468 2561601 6723150
Al 4fU2 [V] o _1028.234 s73ssas 454.3803
Al ajuz (V] C : 612,542 Co 2300657 ‘ Co 217.3095
U+_pu[] . 0382572 . 0.999097 | 0.606526
U-_pufl 0.304453 3946e4 -0.304088
1+ pull 0.667455 648824 -0.666806
I-_pull -0:325630 687364 0.324845
F+7pu 1] 0.014228 0.1834038 0.169811
P-_pull ! ) ; 201503 ; ‘ 2381e8 . : 2.015¢3
Q+_pull 0.262038 64824 -0.261390
Q-_pul] -0.099154 2712e7 ' 0009154
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Test 5.1.4
5%, two-phase SC-GND, A/Yn11, 100% load

=
=
=

=
=
=X
nl
o
=,
=,
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.
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=
=
34
=
=
=
=
=4
=
=
=
=
=
=
S
=,
=,
=
=
.
=

ARARARAN AL
ALELE S LILL

ARAAACAARRE L

ik [}

time

AR,

RARTY

Delta
0.385620
~406.5011
-542.5561
949,334
42363
30184
-L711e3
0.010830
0.070532
-7.362e-3
3
Delta
0.298106
-52.08206
-373.8654
0.606100
-0.297448
-0.661882
0.886153
287683
-0.255644
0.098002

& fi i

AARR A

AR SN ENSRATLELS SR

ARAMARA R SRR A AR s

2.16Te-3
.195e-3
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LA
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3
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Test 5.1.5

A.2.4(b): Depth of fault phase:5%, two-phase SC(no ground), A/Yn11, 20% load

027.50 FFER ) 0:28.50 0:29.00 0:29.50 =

A B Delta

Time([s] 0:28.19034 0:28.60262 0.41227
Al a/U [V] P 34T.4655 4858231 138.4575
(A1 /U2 V] 4294627 -840.4375 -1269.950
Alajuz V] i ; -TT6.7466 T 353.4745 ¥ i 1130221
WU+ _pufl . 0539165 ) 0.576791 . 0.037626
U-_pu] 0.451805 0.419385 -0.032440
I+ _pull 0.442946 0.516555 0.073609
| pull 0454784 -0.499745 -0.044980
P+_pull 2.145e-3 B.561e-3 441683
P-_pul] ] 0.030370 i -0.024037 -0.054407
Q+_puf] 0.238834 0.297961 ‘ 0.058126
1Q-_pull -0.205485 -0.208587 -4.102e-3

A.2.4(b): Depth of fault phase:5%, two-phase SC(no ground), A/'Yn11, 20% load, restoring time

[Tl O] ATV AL NTAT-N]

0:29.00 0:29.50 l_}
A B Delta |
Time [3] 0:28.59774 0:28.64165 0.04391
Al ajus V] -437.6619 2557233 §93.3852
Al 4/U2 [V] - -326.1874 ss0a10 -503.9256
Al 4/U3 V] S i 764:2060 - 574,6410 ; o -189.5650
U+ _puf] ‘ 0542748 1.009242 . 0.466493
|U-_pul 0.450890 7.059e-3 -0.443831
1+_pu [] 0501212 0072335 -0.428877
I_pull -0.4915944 -0.040069 0.451874
P+ _pufl 0.033646 0.188799 0.165152
P—_pull ] | } -4500e3 : ; 7107e4 ) 5211e3
Q+_pu[l 0.272047 0.073008 -0.199040
lQ-_pull 0221825 28294 0221502
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Test 5.1.6

T U T AL NTAL VAN

Time [s]
|Al4JUL V]
|AL4fU2 V]
|ALajU3 V]
{U+_pu[]
U-_puf]
|l+_pull
(_pufl
\P+_pull
P_pull
|Q+_pull
@_pull

0:26.78497

-139.1118
-237.1030

0.543548
0.451540
0.504712
-0.479181
0.022315
1190e3 .
0.274350
-0.216382

0.084352
-0.022276
0.025669
0.023106

A.2.4(b): Depth of fault phase:5%, two-phase SC(no ground), A/'Yn11, 100% load, restoring time

O] ALV AL W]

o
<
=] A e o v =
02500 02600 o @ O 02800 029.00 o L3
A B Delta
Time [s] 0:27.17163 0:27.43865 0.26702
Al U1 V] 414.9840 -B41.6291 -1256.613
Al 4/U2 [V] 33,4240 262.5141 -170.9099
Al /U3 [V] ~84TET1B 578.6660 1426533
|+ pull 0.543583 1.004300 0.460711
lu-_pull 0.451641 40673 -0.447574
I+_pufl 0506377 9.648e-3 -0.496728
I-_pull -0.479067 1948e-4 0.479262
P+_pul] 0.020723 0.904657 0.883934
|P-_pull 2.376e-3 -l627e5 239283
Q+_pu ] 0275276 9.690e-3 -0.265586
lQ-_pull -0.216378 752507
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Test 5.1.7
A.2.5(b): Depth of fault phase:5%, single-phase SC-GND, A/Yn11, 20% load

B Bl

| - 1.

B §} e T T e e T Y W e T B

13 - . b, |

. T
02000 0200 [~ = EX 0:26.00 [

A d B Delta

Time [s] 0:23.49578 0:23.86777 0.37199

A afuz v -308.6162 505.6074 8142236

Al 4/U2 [V] 279.87TT 10.32090 -269.5568

|ALajuz (V) 2751613 -516.6087 -544,1249

|U+_pu[] 0.693457 0.696454 3.037e-3

|u-_puD 0.250152 0.250829 67714

{+_pu[] i 0 0494358 . . 0.501676 . B.&17e-3

ll_puf] -0.510600 _0.470856 0.050744

fP+7pu o -0.034532 0.023788 0.058320

B T

ITime [s]

AL aful Vi g 344.9037 -91.20370 ~436.1074
[A1ajuz v 470.7642 -678.7T75 -1149.542
|A1ajuz V] -815.3220 76093561 1584.678
U+ pull 0.683901 0.995761 0311860
|u—_pun] 0271617 2.45823 -0.269159
|1 _pu i ; : 0494408 ’ 40253 -0.498432
|_pull -0.486171 4,403 0470611
P+ _pufl ' ' 0026334 ' 0.220616 0.194282
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Test 5.1.8

A.2.5(b): Depth of fault phase:5%, single-phase SC-GND, A/Yn11, 100% load

-1000 15001000 1.5

A g + v 2 " Delta

[Time [s] 0:25.21563 0:25.58709 i : 037146
Iagajur v 4305611 -317.0514 747.6125
| auam 4056173 -434.8055 -890.5228
1A ajuz V) -335.3369 B00.T1LT 1636.549
|U+_puf] 0.693193 0638733 55393
|u-_punl 0289756 0291746 198923
li+_pull 0.482403 0.508985 . ; . 0028581
I_pull 0502474 -0.433345 0.018630
P+_pull -0.062316 0.033025 - 0.095341

Test 5.1.8

pu- || Us_pu-[] ATA_[V] ATE. V] ATA.

1000 1.500-1000 L.50D-: 2000-;

His

100 1500-1000 15004

P+_pu-|[]| I_pu-[]

 Time [s]

0:25.50285 0:25.87070 : i 027785

Al /U1 [v] 473.9629 7174757 | 2385128

LAl 4/U2 [V] -5.008175 7482775 -743.2683 |
Al ajuz v -474.4242 29.02746 5034516

U+ pul] 0.697220 1.002219 0.305000

U-_pu[l 0.289849 32183 0288631

i+ _pull 0.505083 8.797e-3 ' y -0.496286

-_puf] 0.4T78T3 328923 0.481162 |
P+_pull 0.025127 0.501994 0.876867
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Test 5.2.1
__A.2.2(b): Depth Qf fault phase:Zp%, three-phase_SC fault, AIYn1__1, 20% load

T

T

P

T T

B pu

Time [s] 0:24,50157 0:25.72926 0.82768

\AlajU1 V] 157.35m 1686666 “326.0246
|araua v 2268781 108.9006 106.6318
14Uz v -161.0000 6024289 2212429
|u+_pu[) 211482 0215794 731263
|U-_pull 3.430e-3 16753 4.245e-3
ll+_pun 1077739 : 1.068127 . i ] -9.612e3
-_pul} 0.035290 L211e3 -0.034079
1P+_pu] -0.046420 7.750e-3 0.054179

Test 5.2.1

2

) A.2.2(b): Depth of fault phase:20%, th_r_ee-phase SC fa__u_lt, A_lYn1 1, 20% load, restqring time___

Pl G po AT
000 15001000 1.500-2000

i

L5004

Pr_pu-[] F_pu-1] F_pu

-1000 LODO0-1000

| Time [s]
‘AlLa/UL V]
Al 4/u2 [v]
|ALaju3 V]
[U+ pul]
U-_puf]
i+ _pu[]
I—_pull
EP‘*—_pu 1}

A : : B : : : ' : Delta

0:25.74364 i 0:25.80810 006545
67.73019 ) -857.2226 ; -024.9528
119.8833 538:3404 4184571
-188.0601 317.7376 505.7977
0218779 1012322 0.793543
738103 588403 153863
1.067050 i 0167002 i i -0.900048
220003 -0.012952 -0.015180
78163 ' 0207768 © oasess2
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Test 5.2.2
A.2.2(b): Depth of fault phase:20%, three-phase SC fault, A/'Yn11, 100% load

Tpu- 1T W1 W 0] A

Fe_pu-1] F_pu-[ =

Time 5] . . 0:23.97342 0:24.81412 . 0.83470

Al 4/U1 [V ) 119.7026 ) 1206847 . 5.852110
Al 4/U2 [V] 72.54363 -181.7473 -254.2966
Al 47Uz V] -183.0080 5118370 244.1917
U+_puf] 0.231526 0220910 -0.010617
U-—pul 562953 7.410e-3 178123
1+_pu] ; 3 : 1082111 ; 1.067180 . 3 3 0.035070
-_pufl -0.019422 22773 0.021699
P+_pull -0.057098 7.796e-3 0.084395

A.2.2(b): Depth of fault phase:20%, three-phase SC fault, A/'Yn11, 100% load, restoring time

Frpe T Fpall 7

Time [s] i f 0:24.81662 . 0:25.08932 f 0.27z70
Al 47U V] ) 1894357 . ~446.0604 . -635.4962
Al 4fU2 [V] -85.99472 -407.9478 -311.8531
Al 4/U3 V] -93.86182 854.3368 943.1986
U+ pul] 0.220549 0.999199 0.778650
U-_pu [] 6.459e-3 3.362e3 -3.088e-3
I+_pu[] . . . 1.066713 . 8.693e-3 . . . -1.058020
I-_pull 8248e-3 -3498e-3 -0.011746
P+_pu[] 7.545e-3 0903290 0.895745
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A.2.3(b): Depth of fault phase

Test 5.2.3

:20%, two-phase SC-GND, A/Yn11, 20% load

g 5 I o - o

Tl B P Pl Tl

02400 0:25.00

0:26.00

028,00

| Time [s]
(AL4/UL V]
Al /U2 [v]
LAL4/U3 V]
|U+_pull
U-_puf]
I+_pul]
I-_pull
IP*—_pu 1
P—_pull
Q+_pull
Q_pull

A
0:26.52026

144.0120
343.1885
-487.2728
0457399
0247862
0683643
0343021
-0.040285
0.016762
0335662
-0.085027

B
0:27.44011

148.1068

355.2029
-503.6369
0.433583
0248222
0.652759
-0.369712
0.034530

223123 .

0.318245
-0.091776

118463

3.508e-4
-0.035883
-0.026691

0.074825
0014531
-0.016718
67493

A.2.3(b): Depth of fault phase:20%,

two-phase SC-GND, A/Yn11, 20% load, restoring time

U] AL VTAL

i
i
=3
=
=2

| Time [s]
Al 4/UL [V]
[AI 4/U2 [V]
LALa/Uz [V]
|U+_pull

0:27.57569
813.8063

-185.2036

0.999830

1.607e-3
-6.4T3e-3
0.013025
0.208474

2615e5 .

-6.472e-3
2.093e-5
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Test 5.2.4

A.2.3(b): Depth of fault phase:20%, two-phase SC-GND, A/Yn11, 100% load

5 x

L

<

P

=

=

3 ,,,,,,,,,,,,

e

=

ﬂ':

s

L b |

0280 0400 (=] 0420 0440 0460 [ ]
A B Delta

Time [s] 0:40.31675 0:41.23982 0.92307
|AtajuL V] R 288.0294 sMT2 -322.5842
1Al 4/U2 [V] 3244501 287.128% -37.33015
|ALaua V] ‘ -612.5077 o -252.2366 ‘ K 360.3611
Us_pufl ) 0486371 ) 0.491168 . 479%e3
lU-_puf] 0247102 0.251364 426203
I+ punl 0.664980 0.682520 0.017541
.|-_p|.l o -0.369943 -0.330341 0.039603
|P+_pufl -0.052499 0.025326 0.077825
P—_pull] ‘ . . 0.017085 ' . -4.34%e-3 | v -0.021434
1Q+_pull 0323445 0335251 ) 0.011805
Q-_pull -0.091419 -0.083040 831823

A.2.3(b): Depth of fault phase:20%, two-phase SC-GND, A/Yn11, 100% load, restoring time

[ U] AN AL TAL VT

B

I

0‘ e e ey == s e e |
03800 040,00 ERETNN - B | B Ta300 0:44.00 [ b |

A B Delta

Time [g] 04124771 0:41.55376 0.20804

Al 4/U1 [V] . -199.2366 B02.7425 ) . ) 1001.979

A afU2 [V] -351.6853 -155.3786 196.3167

A1 au3 v I f 5518451 e 6469477 ] £ -1198.793

U+_pu[] 0491172 1.000412 0509240

|U—_pupl 0.251829 484423 -0.246084

I+_puf] 0.683748 0.010088 -0.673661

- pu -0.324758 -5.710e-4 0324187

;P*_pu 1] 0.028827 0.204389 D.ATE042

P_pufl ] ! ! -5.368e-3 : ‘ 14845 ; 535363

1@+ pull 0.335857 0.010082 -0.325764

1Q—_pull -0.081738 -2.766e-8 0.081735
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Test 5.2.5

A.2.4(b): Depth of fault phase:20%, two-phase SC(no ground), A/Yn11, 20% load

(L

A B Delta

(Time [s] 0:25.33708 0:26.25399 0.81680
(ALAjUL (V] -202.9562 2257831 428.7443
|a1 ajua v 162.6654 435.1819 2725165
Al 4/U3 V] i ] 40.58147 T -660.8386 i Y -70L.4201
U+_puf] . 0613596 ‘ 0.616583 25033
(U-_pull 0.371559 0.375253 4384e-3
_pu (] 0488592 0.495519 -3.073e-3
I_pul] -0.544165 -0.433897 0.050163
1P+_pu] -0.011011 0.032629 0.043640
|P-_pull q . ; 0.023461 ] : 122463 | q -0.024685
1Q+_pull 0:305851 0.305548 -4.024e-4
Q-_pull -0.202201 -0.185730 0.018471

A.2.4(b): Depth of fault phase:20%, two-phase SC(no ground), A/'Yn11, 20% load, restoring time

U] AL VAL VALY

|

Time [s] 0:26.25300 0:26.30508 0.14200
Al 4jU1 V] 2057881 6034502 529.2783
Al 3{U2 V) o 4351819 w2074 3863045
Al ajuz V] TR : -660.8388 o ~218.8060 . QZE 4420326
U+_pull ! 0.616580 ; 0.996041 . 037453
U-puf] 0.375953 2.330e-3 -0.373623
+_pu[] 0.495519 423404 -0.495042
[I-_pu [l -0.493997 -1.305e-3 0486692
P+_pul] 0.032629 0.181686 0.149058
P_pull . . . 122483 . . 3.795¢5 ! 126263
Q+_pufl 0.305548 4217e-4 -0.305970
Q-_pufl -0.185730 -1.703e-5 : 0185713

TRF No. IEC TS 62910_V2.0
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Test 5.2.6

A.2.4(b): Depth of fault phase:20%, two-phase SC(no ground), A/Yn11, 100% load

U T AN AL NTALNT)

L
a
‘:o-‘.
e

Time [=]
(ALajus V]
(Al afua V]
(ALajUz V]
|U+_pull
U-_puf]
b_pu []

- puf]

0:23.43033
4332453
137.0821

-575.1410
0611510
0370152
0.406955

0519875

-0.038855
0.012657
0303928

-0.192465

A.2.4(b):

Depth Qf fault phase:zo%, two-phase SC(ng‘g_jljoqnd), AlYn11, 100% load, restoring time

o L P

Tl Ol Pl Tl

Time [5]
|ALa/U1 V]
har a/u2 v]
lAL&fuz ]
\U+_pull
U= pu]
ft=_pull
I_pull
|P+_pu ]
|P_pufl
Q+_pull
Q_pull

0:24.62641

-677.0058
7317111
-104.4874
1.002151
37343
0.010221
438823
0.809078

9558a7 .

0.010244
1.638e-5

Delta
0.24702

-1510.329
1041.089
468.5T62
0.134434

-0.123402

-0.378558
0332112
0.903981

-0.014346

-0.325371
0.041684
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Test 5.2.7
A.2.5(b): Depth of fault phase:20%, single-phase SC-GND, A/Yn11, 20% load

T

T U_pu-[] e_pu-[] AIL... [V] Al4...[V] AT

01000 15001000 15002000 2000

-1000 1.500-1000

w0 Fpu I I

(Time [s] ; ‘ 02779171 ; 0:28.70623 ; ; 0.91452

8] 4/u1 V] . 4006072 ! 412.7250 . eman
A1 a/U2 [V] 283.5386 4346113 1510727
Al 4juz V] 126.0445 8471311 5731756
.U+_pu o 0.74219%6 0.745752 3.556e-3
U-pufl 0241489 0.244767 327863
I+_pu[] ) 0514674 . . 0.495644 . . -0018031
|—7pu (1] -0.521443 -0.453524 0.067919
P+_ pu 0o -0.015031 0.018593 0.033624

A.2.5(b):

Depth of fault phase:20%, single-phase SC-GND, A/Yn11, 20% load, restoring time

T o T Fpo- [T WA V] AE. 0] A3

a0 e 1 s

Time [5] . . 0:28.69730 . 0:28.80624 . 0.10844

IA1 /U1 [V] : -194.0322 i 458.8187 . 6523509
larajuz v1 -533.9589 3848121 928.7711
A1 Uz V] 728.5438 8543416 -1582.385
|U+_pull 0.746306 0.998914 0.252608
lU-_pup 0.246331 20i3e3 0244318
I+ pur . 0.504313 -0.010398 . . 0514710
l_puf] -0.459752 0.034329 0.494081
P+ pull ' o 0.031439 ' 0229511 o 0.198072
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Test 5.2.8
A.2.5(b): Depth of fault phase:20%, single-phase SC-GND, A/Yn11, 100% load

2000

=
B o e b e e b b B e i i i i b N A
PR I il it I bl
L Ll Ll U e ittt Ll D s Ll Ll Ll
- T L | e LT e P | P T TP T
: i i ! i i
i i ji ; ' i

1000 L500-1000 1.500-

P T Epo T Foro ] Upo-l O pu ] A5 1V] A%

 Time [s]
lA14/u1 V]
L1 8/U2 [v]
Al-ajuz V]
Us_pull
|U-_puD
I+_pull
|—pull
P+_pull

Delta

0.905518
-658,1409
-604.7986
1261484
4.608e-3
3.288e-3
-0.016860
0.051264
0.069219

Depth of fault phase:20%, single-phase SC-GND, A/Yn11, 100% load, restoring time

A.2.5(b):

15001000 L500-z000 20

Ly

T U_pu-[] r_pu-[] AlA... [V] AlA... [V] Al4...[V] |

P+pu-[] F_pu-[] F_pu

-1000 1.500-1000 1500400

0.22.00 [ 0:25.00 (> |
A B Delta
Time [s] 0:25.604044 0:25.896805 0.292T61
AlafUz [V] 2718110 S56:2656 1284.4506
Al 4/U2 [V] 5354872 -336.7687 -1372.256
Al ajua V] -807.4313 280.8342 1088265
U+_pu[] 0.748857 1.003360 0.256502
U-_pufl 0.244832 3.175e-3 -0.241457
+_pu ] 0.498313 9.973e-3 -0.489339
I-_pufl -DAETTEE 1.881e-3 0.469669
P+_pu] 0.027761 0.908365 0.573604
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Test 5.2.1

2000

20003000 20002000

TR TV AV AT VT

5001000 1.500-2000

ST

11000

e

-Looo 15001000 1.500-

€200 020 240 o250 6 ] 0300 0320 [

A B ' ! ! ' Delta

| Time [s] 0:26.28693 0:28.17452 188759

(A1 V] ; -300.7021 : 4654627 : 766.1648

|a1 a2 -170.4724 -159.6174 10.85496

ALz V] 470.9642 -304.5209 -775.4851

|u+_pull 0513251 0.508474 4TT7e3

|U—_pull 7.156e-3 5.503e-3 -1.654e-3

|1+=_pul ; 1.034288 i 0.992668 ; f -0.041620

- pufll -9.532e5 46213 47173

[P+_pull 27453 0.019164 0.016419

Test 5.2.1

T AT VT

TU o T O pa- T A% V] A13

oo Epo ] T

Time [3] . . 0:28.18727 L 0:28.32731 . . 0.14004
lAIa/UL [V] . -219.4851 . -445.6847 . -226.1896
LAl 8/U2 [V] -257.5278 -499,0521 2415242
Al-ajuz V] 4754231 944.8653 469.4422
U+_pu ] 0.508951 1.007336 0.498384
JU-_pull 5.400e-3 205283 334823
I+ pull . . 1.008325 . -6.148e-3 . ; -1.015474
l1—_pull -6.830e-3 1.029¢-3 7.860e-3
lP+_pufl 0.026782 0212376 0.185594
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Test 5.2.2

A.2.2(b): Depth of fault phase:_0.50 p.u,_three_-phase SC, A/lYn11, 100% load

2000

L1500-1000 15002000 2000-2000 20002000

T 1 O po- 1] A2 [V RT3 V] A1V

1,000

pu-1]

B+_pu-[] I

' Time [g]

Al /UL [V]

a1 4/u2 v

[AlLa{U3 [V]

|u+_pull 0.525517 0518626 -6.891e-3
U puf] 7.326e-3 574183 158563
li+_pun i 1001757 ] 0.996102 -5.655e-3
l-_pufl 0.013347 -6.431e-3 -0.019828
|P+_pu [l ' o 0014156 ' 008517 " pozeeTs

Test 5.2.2
A.2.2(b): Depth of fault phase:0.50 p.u, three-phase SC, A/Yn11, 100% load, restoring time

2000|

T R Ao VT
20005000

2000-2

T T e T AL
1000 15001000 1.500-2000

P T

Pl T

BT

Time [s] o . 0:26.37348 S 0:26.61114 ) 0.23766
|Ala/u1 [V] 3592448 937.0437 . . 577888
a1 ajuz p 98.53030 -417.0664 -515.5067
A1 4/U3 [V] -458.6029 -510.8584 -61.25546
|U+ pull 0.518626 1.005994 0.487368
lU—_pu (] 5.741e3 658523 84454
l1+_pul ] ] 0.996102 ! 0.010753 . -0.985349
l1-_pu ) -6.481e-3 9.471e-4 7.428e-3
|P~_pull ) - 0025517 ‘ 0915808 © pamser
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Test 5.2.3
A.2.3(b): Depth of fault phase:0.50 p.u, two-phase SC-Gnd, A/Yn11, 20% load

F 0 e e T R e ) L R0 ol Tl T o \|||.5-w*-l
B O 5 0 00 ) R 1 P e 6 L5 1 1 B R |
F 2 _
(T o o 1 O o i 1 0 o o
[+ e e L 0 . o g e L 0 e o o L v
(= I
17 0 O o i O g |
= T T e e I e e e o e
= = |
e >
| AU SOOI - (v
e e
E—
12 § -------------------------------------------------------------

=

o
@
iz .
5 8-
- §
n s‘ e DL L N LTRE ST e FR POITE. . pxwa s
L I
01500 0:20.00 «2m D o24.00 02600 [
A B Delta
Time [s] . . 02156847 . 0:2347938 . ... 1sl0s0
|AlajuL V] . 28.26452 ; -191.9804 2202449
[AI 4/U2 [V] -577.1258 5BT.3466 1144972
|A1'4u3 V] 5477677 -377.0118 -924,7795
U+ pull 0.687721 0.692801 5.080e-3
:U—_pu o 0.157291 0.159923 2.632e-3
I+ _pup . . 0678159 . . 0.633989 . . -0.044170
l—pull -0.349186 -0314617 0.034570
P+_pul] -6.540e-3 0.023510 0.040050

Test 5.2.3
A.2.3(b): Depth of fault phase:0.50 p.u, two-phase SC-Gnd, A/Yn11, 20% load, restoring time

E 8
0 T O OB R T o L.
e A T 68 O B B o e
= =
E2

2 a1 L 1 a1 T T et Fe i R e et o b ol T T o T T g1l u
T A B A R
| -3 9 1] 0 1) 0 L 1 L 900 L P o P e 0 e 5 S 5 Y
i<
E & ) - N - R R | ] L = X A
5 o T
[l L O 0 0 Ll il P ) 1 e T Ll I N
R 8
| -

1
kg
Ea
|
| [ ===
K
.'__j

f_’TEme [s]

larajuL v ; 3778072 ) -544.1192 -921.9263
faraju2 -509.2557 -386,3936 112.8621
|AL4jU3 [V] 1322894 S40.8775 808.5881
(U+_pul 0.692636 1.007306 0.315119
fU-_pufl 0.159492 1.660e-3 -0.157832
ll+ pull A i 0633841 . ;i -5350e3 . ? . -0.639191
H—_pufl -0.315041 0.017349 0332391
IP+_puf 0.032628 0.225350 0.192722
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Test 5.2.4

A.2.3(b): Depth of fault phase:0.50 p.u, two-phase SC-Gnd, A/Yn11, 100% load

E
li
o
B
=)
g
E
=
iﬁ
=
B
5
=)
E

IE
|5

Time [s]
|aagua v
|ataua v
|Araguz vy
|U+_puf]
i‘l.lf_pu 0
|e_pull
::I-_pu 1]
{P+_pull

443.5218
3415175
7864712
0.692990
0.159928
0.641682
-0.315400
0.032239

Test 5.2.4

Time [s]
(Alajur V]
[Al 4/U2 [V]
| Al 4/Uz V]
\U+_pull
|U-_pull
fl+_pull
|pull
|P+_pull

443.5218
3415175
-T86.4712
0.692920
0.159928
0641682
-0.315400
0.032239

-796.1810
1.010417
3.691e-3

0011634 .

-1,505e-3
0.915503

Delta
0.28211

-488.6856
499,6109
~9.709836
0.317427
-0.156237
-0.630048
0.313805
0.333264
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Test 5.2.5
A.2.4(b): Depth of fault phase:0.50 p.u, two-phase SC(no ground), A/Yn11, 20% load

g

100 1500-y000 15002000 20002000 2

T =

Tou

PR

| Time [s] o . 0:26.98610 . 0:28.85572 . . 1.87362
(ALajUL V] . -12.30904 ] 604.9636 ) BITITTE |
1A ajuz v 617.1525 -177.2792 -T94.4317
1AL /U3 V] -604.1170 -428.0148 176.1022
U+_pufl 0.764913 0.767977 3.064e-3
(U-_pull 0.230878 0.232468 1.590e-3
f+_pull 0485127 0.471796 ; -0.023330
I_puf] -0.504341 -0.456001 0.043340
P+ _pull -1922e-3 0.041372 0.049294

A.2.4(b): Depth of fault phase:0.50 p.u, two-phase SC(no ground), A/Yn11, 20% load, restoring time

T AN i e e i S A b S|
= LLLLLL L DLLEER LG ELLLLL I OLLLLLALLL L LA B LRI LLLLLLL LI 0 ol b ol J LU LG LU G LG Lt
R 8

B R e e e o o e e i e e e e o o e e e |
T T bR e R " " " " B L A L R R AR Y
ol Lt g LA it L L U ) L e o L L L L AN A A A A RN A AR AR
E 8

E B " - . . , . ; |
R AR L R RV R O A L A R L L
e UL Gt LRt LU b et UL Gt LR WL b LU L b LR o i GLLELELE L g G LR WL LG bt UL
=

B

A

pur

R

| N = Y
O | ST | po— PP e e s e e e e e A e
& 2
02400 02600 [ 2% 5] 0:30.00 =
A B ' : Delta
| Time [s] P i 0:27.98649 o 0:28.13160 q 7 0.14511
|ALapua v ) -521.3659 ) 799.1672 ) 1320533
1AL AfU2 V] -411.2396 -819.2175 -407.9778
{aapua v 933.1837 20.00499 -913.1787
|u+_pull 0.767825 1005637 0237811
|U_pup 0.232643 152323 -0.231120
|1+ _punl i ; 0.468988 i -2.442e3 i 5 -0.471430
:fl-_pu i} -0.456892 6.662e-3 0.463554
[P+ pull 0.041622 0.214930 0.173308
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Test 5.2.6
A.2.4(b): Depth of fault phase:0.50 p.u, two-phase SC(no ground), A/Yn11, 100% load

.|‘-,|H...u.1
AATAA TR ATRA TR

I
AN A R e RN R A R A AR W A AN A

15001000 15002000 2000000 2000-p00 20004

—pu- 1] Ur_pu- 1] AIA... V] AA... 0] AIA..1V]

i

R | =

=R

(2 - ' i

N

-

| 2200 02400 0:26.00 [=] 02500 0:30.00
A B k g ! Delta

| Time [s] § ; 0:25.18896 ] 0:27.05972 ; : 1.87075

|AlLajU1 [V] ; -486.7816 335.9628 8227404

Al 4/U2 [V] -450.1963 566.5684 1016765

Al ajU3 V] 936.0243 -002.752% -1830.67T

(U+_pu ] 0.764332 0.768091 3.758e-3

U-_puf] 0.230504 0233142 25493

I+ _pu [] : ; 0.486951 7 0482086 : I -0.014865

—_pu[] -0.507915 -0.453266 0.054849

[P+ pull -0.039018 0.031949 0.070967

2.4(b): Depth of fault phase:0.50 p.u, two-phase SC(no ground), A/Yn11, 100% load, restoring time

‘|,-,‘.-.u.u.1
NN AR A RN

B B A SR R R

0e1 2000200 20008

R AR A R e B A R R AT AN A e A A AR .I\.\

L.500:100 1500505 2000

T pa- 1T pa-1] A8 V] W] WE 0]

Tr_pu-

S00-

P+_pu-[] F_pu-
1000 15005

emm 0:24.00 0:26.00 [l =] 0:28.00 0:30.00 [
d : 4 A B 2 o Delta
| Time [g] ¢ W i 0:27.10092 P 0:27.35640 ; i 0.25548
|A1ajus V] ; 1283543 914.0950 785.7407
Al a/uz V] 612.9980 -242.2033 -855.2013
Al 8/u3 [v] -T40.8784 -673.0034 67.78503
|U+_pu[] 0.763891 1.011485 0.242594
U-pufl 0234705 3.821e3 -0.230884
i+ _pul] . i 0487369 . 0.011875 i . -0.475493
—_puf] -0.453290 -1178e3 0452112
P+ pull 0.036266 0808274 0.873008
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Test 5.2.7
A.2.5(b): Depth of fault phase:0.50 p.u, single-phase SC-Gnd, A/Yn11, 20% load
L I L T T TR TR aE
% Ll I PN TTRRARATTTEA NATRARA IO ARARATTORRAAATT) U BN A AT RAR AT RRA NI \Lhb l ) LLLLG UL AN RANAARCT AR AAB AR AN TERAAA AT LLLLbILLL ;
2 LONN W PTTRTTE TN M T Ty ] PN T I N R A R N R RN “
LI L LELL Lt LEELb b LLEL LilLLELR il LLL b bl iy A Ll LLLLL UL LLL L (NGLLELRBIRGELEL i LELD bty LLLLLUL) LLLLB il LLEB UL LB LLL LRt ||..|I.l.|.
O TN | il T TR 1] CTTTTTRTTT O ] T T AN | :
SN ERARAT AN UTRERAARATRRAN] Lbjil ORI ERRA AT RN L LLER UL i LD UL L Ll LU UL LELE RG] L LERb L bR ELLE L L {

500.1000 15002000 _2000.20%0

pu- ] U+_pu-|] AT4... [V] Al4... V] Al4...[V]

—T

Time [s] ; 0:26.86359 0:28.69852 183494
A1 4/U1 V) ; ) 3966217 | ) ) -609.1619 | 212540
Al /U2 V] -529.1570 507.6440 1036.801
A1 4/U2 (V] 9253555 1014695 -823.8860
U+_pul] 0.339938 0345731 5.793e3
(U-_pul] 0159365 0.158494 8717e4
I+_pu (] . 0.308380 . 0314052 . 5.671e-3
I-_pull 0204774 0308433 -0.013659
P+_pu(] ' 0.187444 ' 0201450 0.014006

Test 5.2.7
A.2.5(b): Depth of fault phase:0.50 p.u, single-gllase SC-Gnd, AIYn11, 20% load, restoring time

2000

,,,,,,,,,,,,,,, i
L O A N T A B
bt Lt L LRl b L b G B R AR A R AR A e R e AR R AT

2000-2000

F A R R L R R R ) A A R L A B “ }llll‘
AN NARNATITINFAR

UL LU L LU UL Wl L LU L LU i L L LG AL L Ll L L WL G BLLLl LLELL l LULLG L LG L LU L]

LT PR T
|

BB A T R B
LLELRLLLL b L LR UL LU G LLEL G L L Ll LR it LEL L L L LR L LD G LU LR LLLL L LG UL

L5001 000 150000 2000

511 U_pu- 1] Ur_pu-[] AIA... (V] AT4... V] Al8... V]

Bepu [l Fpu [] =

Time [5] . 0:27.68251 0:27.78769 } 010538

A U1 V) : ; 004525 : : 716.1353 13668
a1 /02 V] -301.4431 -882.1240 -580.6809
Al ajuz v 502.9549 167.0079 7359570
U+ pull 0845841 1.005926 0.160155
U-_pull 0.156745 31153 -0.153632
i+ pup) . . 0324753 . -1075e3 . -0.325828
I-_pull -0.302019 0.033590 0.335609
[P+ pu ] ' 0.199781 ‘ 0.200926 ‘ 1.145¢-3
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Test 5.2.8

A.2.5(b): Depth of fault phase:0.50 p.u,fi_ngle-phase SC-Gnd, A/Yn11, 100% load

T i

A

(NS G NN

I

e e e e

4

P+_pu-[] F_pu-[J F_pu

0:26.00 0:27.00 0:28.00 0:31. 0:32.00

A B Delta

Time [s] 0:28.85418 0:30.66434 181016
Al 4/U1 [V] 185.1301 2329142 418.0444
Al 4/U2 [V] 7152482 -715.5109 -1430.759
Al 4/U3 [V] -530.3955 481.759% 1012.155
U+_pu(] 0.841565 0.846344 4.77%-3
U-_pul] 0.158075 0.157620 -4.554e-4
I+_pu[] 0.323893 0.328554 . 4.661e-3
I-_pul] -0.324227 -0.302196 0.022031
P+_pu(] 0221206 0.302749 0.081543

Test 5.2.8

8

_A.2_.5(b): Depth of fault phase:0.50 p-u, si_ngle-p_hasg SC__-Gnd, AlYn11, 1_00% load, restoring ti_me

A VAT V]

“pu- [[ A

05
o0g 15001000 1500 0000 200020k

=i

B T

Time[s]
|a1ajus
1Al 4/uU2 [V]
1A 4/U3 V]
U+ puf]
|u—_pull
fl+_pul]
I-_pul]
{P_pull

T16.6114
-1L71756
703.4657

0.846104

0.154872

0.315338
-p.302182

0304161

0:26.35419
-742.5404
-118.7310

B867.8365
1009260
3.756e-3

9.271e-3 .

8.975e-3
0.905193

Delta
0.13099
-1466.152
-107.0135
1571302
0.163156

-0.151116

-0.306063
0.312157
0.601033
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Test 5.3.1

A.2.2(b): Depth__ of fault phase:_q.85 p.u, three-phase SC, AI__Yn11, 20% load

20002000 2000/

“U-_pu- [ UF_pu- [J AE V] ATE VT AIETIVT)

L1000 1500400 1300w 200020

PE_pu-|] F_pu-[] %

.................................................................... } el e e e A i A A SO e SR A S s
} o150 0200 0250 [&] 0300 o350 Qli
' A B Delta
Time [g] 0:23.65496 0:26.67788 3.02292
A1 aju1 V] 414.1217 800.5534 3864317 |
|A1 ajuz v} -802.3689 -485.3432 317.0257 |
1Al 4/u3 (V] 3888674 -316.0811 7049485 |
U+_pu[l 0.855076 0.862882 3.806e-3 |
U-pull 1.660=-3 1.868e-3 2.081e-4
I+_pul 0.280457 0277866 -0.012620 |
_pull 2.004e-3 12373 -1.667e-4 ,‘
P+_pull 0.208961 0203199 57623 |

Test 5.3.1

_ A.2.2(b): Depth of fault phase:0.85 p.u, three-phase_§C, AlYn11, 20% load, restoring time

0002000

20002000

1.5001000 1.5002000

=
L

o150 0200

T T

E:Time [s]
|najus v
lai ajua vy
1A ajuz V]
|u+_pull
|u=pul
|F_pull
|l_pull
{P+_pull

5.262e-4

0203135
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Test 5.3.2

A.2.2(b): Depth of fault phase:0.85 p.u, three-phase SC, AlYn11, 100% load

2000200 2000

20002000

ST | o ey e ) e

100 15001000 £.500-20m

—Em T

fTime [s]
|Aajua v
1A au2 V]
1Al'a/U3 V]
|U+_pull
|u_pul]
|pull
_pull
{Ppull

osmTR

Test 5.3.2

7_A.2.2(b): Depth of fault phase:0.85 p.u, three-phase SC, AIY_n11, 100% load, restoring time

2

? ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

K g

- heicsassas i e s L T

C g

o | | O —

28

|-

B §

= gl

g L.

ls! g =

i g

|| el =5

L gt

B2

&

=3

| .

- o=

|

g A

i

g
2

Time [s] 0:27.28748 0:27.43342 0.14584

AL V] -485.2753 ‘8874317 1372.707

1AL 472 [v] -311.6651 -T18.8340 -407.1659

|1 apu3 V] 796.05094 -167.8114 -963.3708

futpu n 0.857078 1.010282 0.153204

U-_pufl 408563 4,850e-3 564854

\+_puf] 0.300029 4.985e-3 -0.304044

—_pull -5.941e-4 1.96%9e-4 7.909e-4

|P+_pul] 0.582732 0.880302 0.387570
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Test 5.3.3
A.2.3(b): Depth of fault phase:0.85 p.u, two-phase SC-GND, A/Yn11, 20% load

TV A V] AT

50010 15002000 20002000 20002000  ZOCOj

pu- [ T+ _pu- [T AI¥.

—

A ¥ B ! ¥ ' Delta

Time [s] ; ; 0:25.81255 i 0:28.85782 y ... 3oesaT

ALajuL V) 8319209 y 4011107 -872.0320
|a14u2 V) -394.8181 763.5262 1158.384
|ALajuz (v 4377713 ~724.4065 -286.6352
U+ pull 0508145 0911764 261983
U-_pul 0.050082 0.049730 -3.515e-4
[k_punl ! : 0190534 ] 0182423 ] . -&llled
ll_pull -0.011150 2.663e3 848803
P+_pull 0214443 0204063 -0.010380

Test 5.3.3

.2.3(b): Depth of fault phase:0.85 p.u, two-phase SC-GND, A/Yn11, 20% load, restoring time

T A TV
2000500

00-2008  Z000-X

0 L.500-1000 1.500-2000

T pu- 1T U _pu-1] AA— V] ATE.

L5
=
2
i
=
B
;:.I
A ’ B Delta
 Time [g] . . 0:2B.87376 . . 0:29.04883 . ... 017508
Al 4/U1 [V] . T78.6627 . 388.4930 -389.1697
A1 5/u2 v -T7.77191 -934,5053 -856.7334
Al 4[Uz V] ~700.8043 545.8699 1246.674
\U+_pu[] 0.911845 1.005168 0.093322
[U-_pull 0.04974T 3.952e4 -0.049351
f1+_pupl . . 0182074 . . -1518e-3 . ; . -0.183592
|I-pull : : -5.170e-3 : -2.663e-4 : 4.504e3
P+_pu[] 0.202523 0.201161 -1.361e3
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Test 5.3.4
A.2.3(b): Depth of fault phase:0.85 p.u, two-phase SC-GND, A/Yn11, 100% load

3;‘} S G ) L) 0 A ) T T ' """"""""""" ) Rl L R i M L [ L il B '!"'\"“‘
|..\.|.‘.u..u.‘\..|\|||\||\\I|\\II ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, wdli el gl gl el ettt gl el st |
=1 N | F—— O O — B - FTSTERREITIN Mup—
7% T 10 ) ) 0 (Gl
e O o ) 1 1 e 0 0 X 1 N L
= A |
= = : - - - - - - |
'I\II\\|I\\||\| T ) L i i i e Tl T (AT T O A O

5 0 o e o e gl el ottt bl gl gl al bl ol [l ot o el il gttt alt e lt el el il il il gl sl sl ot it

] |

1 U-Ju‘-'l]'lﬁ;;iﬁ;'l]'ﬁi{.‘..

T T o

0220 PR - ] 0260 D 0280 0300 D
R A E B T Delta ¥ I
Time [s] . i 02410133 i 0:27.28526 ; ... 309303
| Al 4/UL V] X -337.0435 3 -601.4336 -264.3800
I aua v) -547.9613 TT2.6026 1320.564
|ALajua V] 835.0625 -171.3679 -1056.430
\U+_pufl 0.812046 0.915283 3.236e-3
U-_pufl 0.050523 0.050199 3.243e-4
1+ pull y ) 088281 : 0190612 y . -T.66%e3
l_pull -0.066944 -0.049312 0.017631
P+ pu[l ' ' 0.629616 ' 0ET3TIS : 0.044103

Test 5.3.4

A 2.3(b): Depth of fault phase:0.85 p.u, two- phase SC-GND, A/Yn11, 100% load, restoring time

—
II"\"l AL G ) |‘I"\\|I\\||\\| """""""""""" i AT i | 'I"I||\|I|\||\\||\\I|\"'“1
ettt ol e bl gl e e gl sl il e el gl el ol gl gl el gl ol il il ol ol il g il el ale el et ol el el gl bl ol it -
= =

5 e 0 S0 o i T Tl o
) 1 " e 1 g O S N Y O
E g | Ll f Al 0 T 0 .
3 % B Tl e i i 4 e i ) \‘|-|-w-\-|-||w-u--nw-
2 O S e o I\ Il el el
Eﬁ I
74 0 S 0 O O
I T SN RN RREIS SRS FUSORRUSEUSRERRRRA N DU SRR I
b Bl i i A e R T e b S L g e e e e e e b e e e e S e T gk T e
kB2

A ) B Delta
Time [s] , 0:27.27506 . . 0:27.37802 . . . . 0.10205
| Al a/uz v . 715.8542 i 9263561 2105019
A1 afuz v -§74.5558 -306.4008 368,553
|A1ajuz V] -39.77630 6201718 -580.3950
lu+_pup 0.915447 1010811 0.085364
lu- pull 0.050241 40173 -0.046224
li<_pull . 0190263 -6.075e-3 . -0.108338
I puf] -0.049356 2.350e-4 0.049591
|P+_pul ) ' 0.670082 ' 0985608 ) 0315608
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Test 5.3.5
A.2.4(b): Depth of fault phase:0.85 p.u, two-phase SC(no ground), A/Yn11, 20% load

T _pu- [] Ur_pu-[] AIA... (V[ ¥V A4 0T

— R

Time[s] B o® i 0:23.51581 Lo 0:26.54402 i ; 3.02822

|A1 8/U1 V] ; 7043257 ] -843.1724 i -1547.498

|AI 4ju2 V] 1410167 326.5650 185.5483 |
1Al aju3 V] -847.1346 5163110 1363.445

|u+_pull 0.930479 0.933953 347423 |
|U-_pull 0.088022 0.086849 -1173e3 |
|t+_pull . ‘ 0.141737 ] 0.135582 . ) -6.155e-3 ! |
Il-—pufl -0.140796 -0.128488 0.012287

P=_pu[] 0.2060758 0.202027 -4.051e-3 |

A.2.4(b): Depth of fault phase:0.85 p.u, two-phase SC(no ground), A/Yn11, 20% load, restoring tim

pu- |1 U _pu- [T AV AT VT AT

T

o

B pu-|] Fpu-[I

Time [s] oW . 0:26.54402 o 0:26.72279 i : 0.17876

ALajUL V] 1 -843.1724 . -885.7952 : 4262281
|A14jUz [V] 3265650 T13.2948 386.7297
SAI 4/uz V] 516.3110 171.2649 -345.0461
|u+_pull 0933953 1.005570 0.071417
U-_puf] 0.066349 9.176e-4 -0.065931
|i_pull ¥ ' 0.135582 ; -6.463e3 ¥ ) -0.142046
ll—_pull -0.128499 -1.633e-3 0.126885
P+_pu] ' 0202027 : 0.200507 -1.520e-3
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Test 5.3.6
A.2.4(b): Depth of fault phase:0.85 p.u, two-phase SC(no ground), A/Yn11, 100% load

;Time [s] . . . 0:23.80297 . . 0:26.86001 . . 3.05704

|Ala/us ) -52.39839 . -686.3004 : -6334105 |
1AL aju2 V] -751.8161 -196.8427 5549734

| |
Al &/uz v B05.7845 883.8676 78.08304

U+_pull 0.837200 0.937713 5.125¢-4

U pufl 0.069277 '0.069086 -1.913e-4 |
1#_pufl i . 0.146654 i 0.145144 i ] -1.550e-3 |
| |
Il_puf] ‘ ‘ 0147172 : -0.134088 ‘ 0.013085

\P+_pu ] 0.665848 0.672887 7.039e-3 |

A.2.4(b):
Depth of fault phase:0.85 p.u, two-phase SC(no grouﬁnd), AlYn11, 100% load, restoring time

2000

5001000 1.500-3000  2000-3000 20002000

SR T R T

2

g

8

[

A

gl o

o
Time [s] 0:26.87113 . 0:26.99341 0.12228
Al /U1 [V] . 457.1686 : -188.0624 ) -645.2310
JAI aju2 (V] 485.3614 8873010 401.8387
LAl a/U3 [V] -943.0516 ~700.0034 243.0482
U+ puf] 0.937583 1.008186 0.070603
U-_puf] 0.059135 493723 -0.064258
fi+_pul , ] 0.143675 ] 44783 : -0.139187
l1-_pull -0.134134 66233 0.140757

|P+_pull 0.672965 0989633 ' 0.316668
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Test 5.3.7
A.2.5(b): Depth of fault phase:0.85 p.u, single-phase SC-GND, A/Yn11, 20% load

|Time [s]
|Al4jUL V]
|ALafu2 [V]
|Alajuz V]
Us_pu]
U-_pull
|+ pull
{_pu[]
{P+_pull

0:26.46085 0:29.54954 3.08369
-228.0832 525.0147 T53.0078
-658.9311 413.8677 1072.799
S3T.6091 -338.3102 -1826.419
0952522 0.955545 272463
0.050506 0.050459 -4.682e-5
0.081977 0.092183 2.066e-4
-0.069181 -0.038752 0.030430
0203098 0203276 12184

TRR

A.2.5(b): Depth of fault phase:0.85 p.u, sing

Test 5.3.7
le-phase SC-GND, A/Yn11, 20% load, restoring

L L ey |

Time [s]
(Al a/u1 V]
Al 4/U2 [V]
Al 4/03 [V]
U+_pu[]
U-_pull
I+_puf]
:I—_pu 1]
|P+_pul]

02053146 : 0:20.68815 : R T
48.10643 i 8014255 7533191
7613790 13.64470 7477348
-810.5851 -814.2088 -3.623724
0.955477 1004381 0.045905
0.05p418 3.098e4 -0.050110
0092663 : 61173 : . -0,008780
-0.038557 271563 0.036842
0201083 0200757 : 255164
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Test 5.3.8
A.275(b): Depth of fault phasg:0.85 p-u, sing. le-phase SC-GND, AIYn11, 100% load ‘

2000)

02000

200

500000 L500-000 _ 2000-2008

TU pa- 1T U pa-l AA. V] ATV AT

Bi_po-[] F_pu-1] F_
oo 1.500-1007 L300

| Time [s] ; i 02811708 i 0:31.19932 i .. 3o0mm
Alajur V] i -355.6986 i -805.6300 -449.9314
ar ajuz v BT0.5247 6308073 2307174
ALajuz V] 5146041 1643407 6789449
\U+_pull 0.957183 0.953442 224823
U-_puf] 0.051822 0.051163 -6.583e-4
li+_puD . . o09sTEZ . 0.097386 - . -1376e3
I-_pull -0.108047 -0.093210 0.014837
|P+_pull ) ) 0.721620 ' 0.788538 ' 0.046918

Test 5.3.8
A.2.5(b): Depth of fault phase:0.85 p.u, single-phase SC-GND, A/Yn11, 100% load, restoring time

e | P e e s

o 15001000 15002000 20002000 20002000

P+ pu-[] F_pu-|] F_pu-|| U_pu-|] U_pu-|] Al4.. V] Al4..|V] Al4.. V]

-1000 15001000 150010

A ¥ B k g k Delta
Time [s] ; i 03118853 | ; 0:31.31425 i L. oaem
Alajua v . 8218177 ; 3526838 1174501
Al 4{U2 [V] 504.5304 5818346 -12.69579
Al ajUz V] 2283185 -934.6436 -1162.962
U+_pul] 0953499 1.009578 0.050080
U-_puf] 0.051095 446363 0.046632
I+ pull ; ’ 0097505 : 222083 : . -0.089735
_pull -0.093060 2310e3 0.095370
P+_pu[] ' 0.768650 ' 1.000994 ' 0232345
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Appendix: Pictures

Overall view —front

TRF No. IEC TS 62910_V2.0



Page 70 of 81

Report

No.: 6092407.51

TRF No. IEC TS 62910_V2.0

Overall view - right

Overall view — left
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Inside view -3

Isolating switch |
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Isolating switch Il

Breaker FRABRE
000
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Inductor
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Power supply board- component side
X ,
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Power supply board- solder side
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Detection board- component side
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_ Detection board —component side
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D DEKRA

ATTESTATION OF CONFORMITY

Issued to: Sungrow Power Supply Co., Ltd.
No0.1699 Xiyou Rd., New & High Technology Industrial Development Zone,
230088, Hefei, P. R. China

For the product: Grid-connected PV inverter
fB & & iR
Trade name:
Type/Model: SG3125HV-30, SG3125HV-31, SG3125HV-32
Ratings: See Annex

Manufactured by: Sungrow Power Supply Co., Ltd:
N0.1699 Xiyou Rd., New & ngh Technology Industrial Development Zone
230088, Hefei, P. R. China ‘

Requirements: IEC TS 62910:2020

This Attestation is granted on-account of an’ examination by DEKRA/ the/results/of WhICh are Iald down'in/a
confidential file no. 6092407.51

The examination has been carried ‘out on/one’single/specimen, ot /several Specimehs of the/product,
submitted by the manufacturer, The Attestation does not include’ an/assessment/of/the manufacturer's
production. Conformity of his'production with/the specimen’ tested by DEKRA/ IS/ not the/responsibility of

DEKRA.

Arnhem, 23 December 2020 Number: 6092407 02A0C

DEKRA Testing and Certification (Shanghai) Ltd.

Kreny Lin Z% b

Certification Manager

© Integral publication of this attestation and adjoining reports is allowed Page 10of 2

DEKRA Testing and Certification (Shanghai) Ltd.
3F #250 Jiangchangsan Road Shibei Hi-Tech Park, 200436 Jing'an District, Shanghai, China
T +86 216056 7666 F +86 216056 7555 www.dekra-product-safety.com
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Annex to 6092407.02A0C

Ratings of the test product:

Operating temperature range: - 35°C to + 60°C
Protective class: |

Ingress protection rating: IP65 (Optional IP55)

Power factor range (adjustable): 0.8 leading...0.8 lagging

SG3125HV-30:
PV input: Max. 1500 Vdc, MPPT voltage range: 875-1300 Vdc, max current: 3997 A, Isc PV: 10000 A
Output: 600V, 3~, 50/60 Hz, max 3308 A, rated 3125 kW, max 3437 kVA

SG3125HV-31:
PV input: Max. 1500 Vdc, MPPT voltage range: 915-1300 Vdc, max current: 3997 A, Isc PV: 10000 A
Output: 630V, 3~, 50/60 Hz, max 3308 A, rated 3125 kW, max 3610 kVA

SG3125HV-32:
PV input: Max. 1500 Vdc, MPPT voltage range: 960-1300 Vdc, max current: 3997 A, Isc PV: 10000 A
Output: 660V, 3~, 50/60 Hz, max 3308 A, rated 3125 kW, max 3781 kVA
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